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| DESCRI PTI ON | NDUCTOR ELEMENT, | NDUCTOR ELEMENT
MANUFACTURI NG METHOD, AND SEM CONDUCTCR DEVI CE W TH

| NDUCTOR ELEMENT MOUNTED THEREON Technical Field

[ 0001} The present invention relates to an inductor

el ement formed on a sem conductor substrate, a nethod
for manufacturing the sane, and a sem conduct or

At [0002] Wih the mni abieCRICTER and high o
N TOk W BRb TP SRR pEARTF A puranG MmTHOD,
o N B Ty R s B e MouNTED

frequenci es and achi evi ng |.se/high stability.
15 [0003] Transi stors, whigh$§$€8§bnponents of

sem conduct or devi ces, are undergoi ng performance

i mprovenent by mniaturization, high integration, and

the i ke However, the inductan eﬁﬁf an i nductor

el ement is determ ned by'& Rt flowing in a netag

and. a magnetic field created by the current; an

I@ifef oﬁléf? PRRARN, T eBHipR Efl et sITgRéICtsel @t Sormed on a
realize a desired inductance value, a chip surface
SeRIsaNquStop, sstratsy § methogt for mpautaclynag thersame: @xke ssmipargyctor
several tens of m and when |arge, several hundreds
dgyicsinglpdng s WAUHOREE®EEt of m and this results in an

i ncrease of the chip surface area and |i kew se causes

an increase of the manufBedkgFeund Abst of the

senm conduct or device. In other words, even in the

[OF3k  whdfith the minjalrizatiomendbhich sntegrptian ofgecend pemiconductor
structural elements of a sem conductor device
elemenigdindection siesnentofosmad @f mstal ldakds i.ct rslugioaklemgnts, are formed in
i.e.,

semiconductor devices with the goal of improving operation frequencies and achieving

fow notse/high stability.

10003] Tranststors, which are components of sémiconductor devices, are undergoing
performance improvement by miniaturization, high integration, and the like. However,
the inductance of an inductor element is determined by a current flowing in 2 metal lead
and a magnetic field created by the current; and therefore, when a circuit designer
attempts to realize a desired inductance value, a chip surface area is necessary of at lsast
several tens of um by several tens of um, and when large, several hundreds of um by
several hundreds of pm; and this results in an increase of the chip surface area and
likewise causes an increase of the manufacturing cost of the semiconductor device. In
other words, even in the case where a miniaturization is performed for structural clements
of a semiconductor device including transistors and the like, the scaling, i.e.,
miniaturization, of an inductor element is difficult in principle; and therefore, the indﬁctor
element unfortunately results in a cost increase of the semicondunctor device.

[0004] Further, in the case where a silicon substrate is used as a substrate that forms
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25 mniaturization, of an inductor elenent is
difficult in principle; and therefore, the inductor
el enment unfortunately results.in a cost increase of

t he sem conduct or devi ce. d%4]Further in the case
where a silicon substrate |s used as a substrate that
forms 2 the seniconductor devi ce, the perfornance of

o gl R el B e S E@ﬁ%ﬁgaff%%é Ryl ffigrotes due o
f th d
105%%%&'&%%&% {7 SR EROR sl AT Vi et of bE Bisios plement due

PP SaBort PRLgRER ik R B ﬁse%aiﬁﬁéﬁ?q%easubm

apaC|tance 5 be ween t.he net Iead forn1qg
TH s APRAET A 1O o ﬁéesgﬁlaqt SEAUTGH SPS t Apatesitic capacitance

0005 so, .for.a ductor devi ce us t al
%@5@&%&&@%@%@@% A Smenrast e Sl priete.
onen at are f rned by a recent]ly i nstream
B3R s consor Rtk fleef#eﬁ@m@rrae@sleaﬁ (°f §PPRSE and
for retaining the planarlty %}the |nter-Iay r
havig FOPPFRAS & R CORMPrEHdhat ey ormed by & rerspids Bgpptreagn damascene
| ay is]and shaped netal (hereinbel ow, 10 referred to
prggess&lﬂeﬁpnﬁgt;gpcgss a9 ge(gfqnﬁe rpi@gq%@e Risapaty pbihg inter-layer
| eads are not formed, but the du netal exists
inselatieseiing: sa¢ dhepeiore Ads nesresarn o 8 islangshanaganstal (éerembélom
thereby, the practically effective distance betwee
refereed; th g4 cdusnmy aaial” hilep ke sgionsgvhesympsial lspds arg not formed; but
reduced by the anobunt of the thickness of the dunqy
1y mpgl ergsta bewsagninductos igsdp and thesilsap adistraiscend thereby, the
unfortunately I ncreases. 15 [00061To sol ve these
piseisstis wEect wsrdignraerictvedndbh mgineigy ledilsaddbe silicon Paseate is
Literature 1, Patent Literature 2, and Patent
redpeasbarthe amguioyithe thickuessor tes Guramy sndbyl; duskaviamgsut, the parasitic
spiral inductor in each |layer of |amnated nultiple
cqe@@mpey@beuaﬁdyduﬁnees|ng the spiral inductor of
each | ead layer in series, and thereby inproves the
[G0RELIct ahe eolpe thagaprobdams, irexample, teGhgplo@2disdosgd in Patent
schemati c perspective view of an essential portion of
Liera@rs britagmn ditctadnre de vdRatehitd dleotend 3i forrPaindmttor elements by
Literature 1; Fig. 23A is a schematic top view
farmiingst spartal mguetos pi eath layedaClonnaéd multpjeleabyawaad connecting
sem conduct or device disclosed in Patent Literature
the ;spiFalgndiR 8B of sach kotheryat incetien and thardblylimptavas thednductance per
spiral inductor of an upper |ayer of the sane; and
wiif gurfa2d aies. aFgcB2iwd bchetafic peepedtiivt uibr @lanrgseatisipioraén of a
i nductor of a sem conductor integrated circuit
sathis@ldosied dévicdPdiselotediintPateat DiteraBir25; FiQ0BA A% schematic top view
illustrated in Fig. 22 to Fig. 24, in the case where
ilmstratingecpiral wldeo@ntdf i Biyer below a semiconducior device disclosed in Patent

Literature 2; Fig. 23B is a schematic top view illustrating a spiral inductor of an upper
layer of the same; and Fig. 24 1s a schematic top view illustrating a spiral inductor of a
semiconductor integrated circuit disclosed in Patent Literature 3.

[0007] As illustrated in Fig. 22 to Fig. 24, in the case where an inductor element is
formed by making a spiral inductor using two lead layers and connecting these in series,

about twice the inductance value can be obtained in comparison to an inductor element



e

formed by making a spiral inductor using two | ead

| ayers and connecting these in series, about tw ce

t he i nductance val ue can be o?tained in conparison to
an inductor elenment 3 formed-”using a single |ead

| ayer having the same surface area. [0008] Also, in
Patent Literature 4 and Patent Literature 5, a

fs n01d Shgﬁ Eﬁﬁ ducﬁgr el,enent , ich is formed by
Hﬁﬂ&wml%. %@7 RARC A E Aot ch in a
t ual_l
R | el %}8%@1 rgRROERd Bt LEREHAT s S TR0 e
52 f t d
iruGioF Gleatp i o ARG sy TORaLg AT 1P hog B AnGioh in o

schematic bgottomview froma flrst Iead 51 side
pemaeémmlawomwﬂ@eﬂ graies.gf dispigsdane

- Technol ogy di sclosed in Patent Literat reduces a

5 [@,Qogﬂm ¥l 2 dyAde e sismatgdor Biserromg Smﬂé read é& et 2t he
i nductor el ement formed by two |ayers of netal |eads,
spmigonductas desise diselogedsn Ratent {Leratns §eandritic| 2o8ds 3 achegpic bottom
inhibits a decrease of the inductance val ue due to a.

- virsgEemadinsiieyhd 1 pide (remieensluciop sabsrrg sidat of the sgmag. urkechnology
1- Unexam ned Japanese Utility Mdel Application
disgleiseciat Ragant Noeragso 6 Tedicssa sighal delapdesraen the wrpst grdlower leads
2: Unexam ned Japanese Pat ent plication KOKAI
oPthislindustirstenicht Nomegdy-t2838B7s of metpllradit 1.¢.j the fizt dgad 51 and the
3: Unexam ned Japanese Patent. Application KOKA

10 seagpd leadtS2omdNiohibie 3-deeessta0! the infuttanee veluednatas pegitive mutual

Unexam ned Japanese Patent Application KOKAI
nRbtancat i on No. 2001- 351980

[0010] Patent Literature 1: Unexamined J apanese Utility Model Application
Publication No. S60-136156 |
Patent Literature 2: Unexamined J aﬁane_se Patent Application KOKAI Publication
15 No. S61-265857
Patent Literature 3: Unexamined Japanese Patent Apphcatlon KOKAI Publication
No. H03-089548 |
Patent Literature 4: Unexamined Japanese Pgtent Application KOKAI Publication __
No0.2001-351980 |
20 ‘Patent Literature 5: Unexamined Japanese Patent Applicétion KOKALI Publication
No. H06-61058 |

Patent Literature 6: Patent No. 2976926

Disclosure of Invention : ;
25 [0011] However, the conventional art described above has probiems as illustrated
hereinbelow. In the case where a currently widely utilized multipie layer iead structure

is realized by the conventional art according to Patent Literatures 1 to 3, 2 major problem
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20Patent Literature 5: Unexam ned Japanese Patent
Appl i cation KOKAlI Publication No. F106-61058 Patent
Literature 6: Patent No. 2976926 Di scl osure of

| nvention 25 [0011] However, tHAe conventional art

descri bed above has problens as illustrated

herei nbel ow. I'n the case where a currently w dely

utilized nultiple layer lead structure is realized

exift Tegding pingrsIticanpaciene RAtEST lsadsat dAtdesaripe ﬁ%ﬁcmfé%lya with the
1 to 3, a mmjor problem 4 exists regarding a

miataayization efigertit Semisendstarslsnices a@aulims layss metablead formed on a
specifically, with the mniaturization of recent
semiricodimtercubstragienfiands formemhyt4 metel thinfelm hasting a filag ghickness not
formed on a sem conductor substrate often is forned

ninyre ghamelt jath; anidi afienj thendbstanicn §etween venticdllyclkmetedroetaiigpds also is a
than 1 pm -and often, the distance between vertically
sbaﬁ@pahﬂmnnn¢ﬁMDﬂqams also is a 5 spacing of not nore

than 1 pm[0012]Fig. 4 is a schematic cross-secti ona

[001) of Fan 4dx b selehetic porskisoctionfl dewwl ti prteaciedyportidneefch multiple
structure on a recently widely utilized sem conduct or

I8yteb fiad atrectudoni 4 devsithyatidelyi miliZedsemicorfductet sthetiats. | As illustrated
and | b having a fixed |lead width w and |.ead height t

iaFg. #ofinelads acanki Ibavingedfikeal/lead dlith wamd leddeipdit t are formed in
| eads 2a and 2b having the fixed lead width w and

al fasidedDlabei 19] arid weend leadsEth nd 2b Imeimgnik fieaideddawiith w and lead
102 which is a layer below the first |ead [ayer 101.

hAipht g iferedan hisbdbnidstidrigye 10Bivaketeis @ idyer belpwake fiedlead layer
between the first lead | ayer 101 and the second | ead

102y eAn Iektiativh GilfniHasing laaBitEnéR bR grdvhicabetveen ARdirst lead layer 101
adj acently and separated by an inter-lead di stance s;

288 theSleBdrldAEAY lay & D28 Be IS 1bARAS a2 18aAtk Rbnad fijiehieend
adjacently and separated by the inter-Ilead distance

ardtbd b8k intdbiBad Hssihcd @add stniddl, tReeddndIe@ons ah@alﬁi are formed
a are torned adjacently and separated by an

aujgsk 3" £ALeHirSEARG e Tt MhaSdiSihATs! Y Fukth®, fok Fisdt 142086 and the
the second | ead 2b are forned adjacently and

ss&hanales By f&rﬂr%dlaaja%miy%@l GbshRA6S allinter-lead distance h; and

similarly, the first lead 1b and the second lead 2b are formed adjacently and separated by

the inter-lead distance b.

[0013] As illustrated in Fig, 4, a lead capacitance 10a exists between the mutualty

adjacent first lead 1a and first lead 1bin the same lead layer;.a lead capamtance 10b exists

similarly between the second lead 2a and second lead 2b a lead capacitance 11a exists

between the mutually vertically adjacent first lead 1a and second lead 2a; and a lead

* capacitance 11b exists similarly between the first lead 1b and second lead 2b.

[6014] Among the spacing between leads illustrated in Fig: 4, spécing between

muitually vertically adjacent leads, i.e., lead spacing between the first lead 12 and second
lead 2a and between the first lead 1b and secdnd lead 2b, 1s determined by a thickness h.
of the insulative film between the first lead layer 101 and the second lead layer 102; and

the thickness h is determined at a fixed value by constraints of the manufacturing procesé



[0013]As illustrated in Fig. 4, a | ead capacitance
10a exists between the nutually adjacent first |ead
la and first lead b in the sanme lead | ayer; a | ead
capacitance 10b exists 20 simdarly between the
second | ead 2a and second | ead 2b; a | ead capacitance
11 a exists between the nutually vertically adjacent
first lead | a and second | ead 2a; and a | ead
of pnssimiconducter ddviei stosonlinglyathr gireist designen ofghe samiconductor
|l ead I'b and second | ead 2b. [0014] Anong t he spaci ng
desioneamot fadls determutertbe sphcing Hebyeendnuivg bcvenigeabliy tadgaeent leads.
mutual ly vertically adjacent |eads, i.e., |ead
Gptheiotlger bendyiencitdeg desigadr daaértEIyalewllnbiIBth)spacﬁJ@ Hebmatn mutually
2a and between the first lead I b and second | ead 2b,
ddgacebsttl eadaiimthe shye deadiayck niess sthih laafl spdveng sisinvedn the fifst lamd 1a and
between the first lead | ayer 101 and the second lead

5 firatylead MO#d wmslednhibe tdviond kgL atand sewbed dmadi2hplut alte permitted
fixed value by constraints of the manufacturing
pindfiee $pacdingis deteemirediby epdstedio ofitieincaufadteop rawghy, Also, the
the circuit designer of the sem conductor device
learwidih fiodeteylegtbbRthvintucton elapme isnigidbained Gonmbt wsddcy of series
vertically adjacent |eads. On the other hand, the
redistentetof d@Sih@esr dlémeritaae lelectoingdrficieretiften@paci ng
bet ween nutual |y adjacent |eads in the same |ead

[beyHr, inéhe cabd@hbRadampatddBdbcibediwaen of iR dohv&itional art
| ea Ia and 5 first lead I b and between the second

10 difdshed & PiIchtISeRRtrel ©36¢13 2DéorifiburddNhe @EEHA EdrRBaifitsicRtHBed above
“ spacing is determ ned by constraints of the

- RPYHRELMET NG REGGRSEs, tH'r&dize N Gad IRREg W B4 &L Mki8End@ilue
| ead of the inductor elenment is determ ned fromthe

REREGufe WiR 18 TiLES it ARGl d‘éﬁlgnér IS 61t Ot R TRH:

and el ectrom gation resistance 015]I'n the case

MR aﬁ@lﬁe@@gaﬁge D EHAGT Wﬁéﬁ@@fea@@n&tﬂ% of the first leads laand 1b

conventional art 10 disclosed in Patent Literatures

a&le e ée%oxﬁﬂ%ds%rﬁﬁ 2biib Gl rQ)@ 1:05h b =Bl Rad %ﬁ&ﬂh' Q«ﬁﬂusnated in

bove are pro [ematic. In other words, to real | ze a

15 f&?f‘ﬁ theb&ﬁmﬂce%elrlb%ﬁdﬁ ‘béﬁv?é&ﬁ%n}f@fglfvl Feam H&é’i‘ﬁ feads

circult that e circult S|gns

o) G BRbeRLECHE b AIEhE BN S8 PR Rt Bubly afacen

Ieads 2a and 2b is fornmed not |ess
]L%%%Eﬁm |xe§%@q mndth as illustrated in 15 Fig. 4,

[56] Capla}ﬁ LhRAPGERds - Fo]r E%Ie]:'}d {dgn% lacfcwélg 1%18 rforme:d by

h i cal'l'y "ad) acel s un y ar e er” |
P B R D -

20 art disclosed in Patent Literatures 1 to 3, in the case where a parasitic capacitance

between mutually vertically adjacent leads is larger than a parasitic capacitance between
mutually adjacent leads in the same lead layer, and in the case where an upper layer lead
is an input term'mal and a lower layer lead 1s an output termiﬁal, a large parasitic
" capacitance occurs between the input and output terminals. | Asa resﬁlt, the apparent
25 parasiﬁc capacitance between the input and the output, i.e., the parasitic capacitance of
the entire indﬁctor element, becomes large; results in a narrow frequency band of the

semniconductor device in which the inductor element is formed, etc.; canses performance



[0016] I n aother words, for a structure in which an

i nductor elenent is fornmed by connecting vertically
lam nated nmultiple spiral inductors in series as in

the conventional 20 art discl&sed in Patent

Literatures 1 to 3, in the case where a parasitic
capaci tance between mutual ly vertically adjacent

leads is larger than a parasitic capacitance between
driarieantiop; e} pacéeilatieindbe casetwhershmeperatien fregrency iamagh, causes
in the case where an upper layer lead is an input

the periforatanemef the bamispnduyerdevisath greathdegeriopaic.

termnal, a large parasitic capacitance occurs

96t Teen Alke, in fhmxtasamticmy fquekarnplenthn distincesetweenewartically
the apparent 25 parasitic capacitance between the
Inmputedaapital inducoers riformed eufficiehBy pageatsisbive tiegpeldlemahatethe
of the entire inductor el enent, becones | arge;

5 wapaditaheesilia and it betwkerenuently vodicelioddjadest leads are larger than the
sem conductor device in which the inductor elenent is
dapadiadcesata and tebasepenfianinadacent &ady indthatinonicadigter, another
particularly in the case where the operation _
ihdegerdeahcanfotibedbrmehinselsad hgerietkanmuidsle ddductoes; and therefore
sem conductor device to greatly deteriorate.
thOQkTcAus effidiedch @ f easimdudier @emb@umeanakl, debhiges.

di stance between vertically | am nated spiral _
[0OTBICt Orfyrdhsr, Ii0ihEREscSWhérk @idafiakdent i F o@esstiOusalay @ IdadFormation
problemthat the 5 capacitances 1 la and 1 |b between

10 rhathotdlidimdvadhpddCalrhmny dHtAGE R AleaHSregibBs ANEN lehfiddre not formed;
the capacitances 10a and 10b between nutually

AdiiRgRNhsd $RIS difiniy @SR B st 88 e AR GplARELASS leads, the parasrcm
i nductor | ead cannot be forned in a | ead | ayer

BfiaRR HBhEdnRb&is JRekeine bBiwRAndIRSE %{dﬁﬁﬁrs i MBoe; and
surface area efficiency of the inductor elenen

ALY preekh 285 tnd HRLEbFUELBAIGdBradie case

where a ‘danescene process is used as a | ead formation

[0 97et hodhgikiHahY %&Bﬁﬂ@gjto%gm&n’éﬁﬁﬁial hre disélbgﬂ:d% ?’Q.tehf‘theramre |

reglons I n which | eads are not formed

15 3¢ Ct L Fga o t ?&cﬂhnc%’ﬂe%@&n%ﬁﬁﬁﬁﬁﬁv%aﬂg Bhﬁcent leads, the |

parasitic capaC|tance et'ween
|
S s s i

at@éoef gﬁgtto dGhRL bpﬂﬁ;ﬁ?ésenpﬂwér%l)@dgéeg lifp ﬁﬁlﬁlﬁe’ wittE ﬁfeqipBQr and lower

conventlon art disclose

J 1%1'11% gltea&lﬁfr?g f o tl%o orvé?rl %F@gogégte@%ﬁlﬁ)sé {:ﬂaﬁe gﬂgsa(# etl&%ceforce ocecur

ween Yy Ver |ca acent ead )
b%&gﬁeégli(&%l ?%d% Ig(é{elét&) %eg%g%rr %a?‘h&ﬂ?r &Jl e\M?i?agmc capamtances

2 PSR, YREL D ARl G555 S e
f
5%3%{1?(9 i §§a$laa e e s AT Ry Pt £ Buivatent o
t t 20 .
0&3%‘ % Bk ERRGRT o e RBE At S Bsfcneous o thar the
ﬁﬂﬁ not erI mhen proj ected onto a
%ﬁ%@eﬁ %Bﬁgpﬁé “?ﬁ? | eads nmust be given a
tﬁz%ﬁhm s 20 Bt Pis? . ”°%is§%%gba 3 4 B SRSt e
25 ﬁitealg%né:tgglggg ‘i'ﬂ}f;ﬁ‘%%naé gt?uc%rew %rhlc daus% enmd%f s?:rungtq,lre surrounds a

columnar structure such as a magnetic material, efc., is disclosed; but no particular

atiention is given to reducing the inductance value of the inductor element realized by the



[0020] Also, in Patent Literature 4, as a part of an
LC filter forned for high 25 frequency noise
inhibition, a structure in which a sol enoi dal
structure surrounds:a columa¥ structure such as a
magnetic material, etc., is disclosed; but no
particular attention is given to reducing the
i nduct ance val ue of the inductor elenent realized
strhesure And thaparasitic capdcitinee that dejemiqrates &m,erﬁoan@@etome mductor
deteriorates the perfornmance of the inductor el enent.
elca@@Pl] In Patent Literature 4, increasing |ead |ayers
formng the solenoid coil or increasing the o .
[60213 s - sén Prentlitarme 4 findrérsigdeahleiets fwiring theseleheid goil or
as a nethod that 5 increases the inductance val ue of
itdeasingdbie toss-sdotivpaitareanfttheyenimnoad ¢ofl is révited esrbarcthed that
|.ead | ayers of the sem conductor- devi ce has

5 ety tht iiducthcendué atthe indugtor ektrent et gdneralfy sthgmumber of lead
environnment and the like; and it is exceedingly
1giefsf dfabe tenticondicicr dseict ke countreants of masafdctiuaye cestoaidythe design
for the inductor elenent. Also, in the case where the
ehiebigihe a6d whaliike; afd it tse:xbmﬁn@p difdtdnenitcresse ithecnmatse df lead
by i ncreasing the cross-sectional area of t he
18Rty $brahé IndudBr tlemesiur e intieaatcwhert lie indutuarioralue of the
el ement occupies in the seniconductor device

ihdietoR 3k@sent abcrebdeti o incrédignd the srosesdcaigaltagea of the solenoid coil,
surroundi ngs becones | arge as the inductor el enent

10 (REGPBBS aleRHIER thARGudihe@hatt @cciif@dh itweseafif @@tsopdevice increases;
S|gnal interference and the |ike also unfortunately

Burfeethe Hu@eRbROH sadb@fds Hebohed fecek SRRt Sct@ntement
Ieads ‘10022] Al so, Iﬁ t he caé% where an i nduct or

b‘é&ﬁﬁ@rl é@aéldd"lﬁeféfér@ MgaSH SR FlsBRal ifiteRrdné Bibihe like also

I'ar ge par asitic capacitance occurs between the

f&({; Sheusti ANstnt RS e SRl @Rt st ieatse and

causes performance deterloratlon of the inductor

nt ‘A ﬁa i RESKE %melfe% iRAG I R 65 @he 8 8MbS Surtabdhrea is

pro esses i gh speed Togic signals, analog S|gnals

15 dt ﬂl?%é fézfrgsﬂﬁﬁ Ezibg.g%fncfe BEcuE¥ BERIcEn 11 Mn@IMRIricldnfint Akha

ransm gner unfortunately cannot obtain

s[nggggﬁf_d %b%e(tf: Lk ERsed a@e H&éﬁ&ﬁaﬁc%%f the mdactor element.

a structur whi ch a col umar
Add fégﬁly 's&r d:f%} ntnﬁgntﬁ) %[CVlgé At PR)'C%% i E]%ééﬁtl&ﬁ@ sibBals, analog
positione ori zont W t espect

ssg%gg,? a%%ﬂtﬁg th%zre S éi'{?st fo? a&ﬁ#l% Oadoér:{lﬂﬁﬁ;& L8 8 Qrahﬁm?@{ﬁ L desxcner

accor e structure

AR e ShotaREhhe SRS 8@&%@9@%95&&%% , as

Sever ue to the

b wgl%%a(’zssq%gaee@:gw. B RpLE LR fémer%@q
i R A 789 A A
déggqug%mu@tgérlgter%% %% 005 tge gt%?c%rgl the Ptﬁ&&g?s of general

semiconductor devices is, as described above, at most several ym due to the

-

miniaturization of recent semiconductor devices; and therefore, to obtain a sufficient
25 inductance value, multiple leads disposed in a solenoidal shape are necessary; and as a
result, the surface area that the inductor element occupies unfortunately becomes

extremely large.



[0024] On the other hand, in Patent Literature 5, an
inductor elenent fornmed by connecting in series
annul ar | eads having a netch'in a portion is
di scl osed. The inductor el emeft has a configuration
nearly the sanme as that of Patent Literature 4, and
therefore has problens simlar to those of Patent
Literature 4 In other words, in Patent Literature 5
[§024]t | Onibe ethsrhgnd, in Prientddiaturse: Aoy HdEriopslemgniformed by
| ayers to increase the inductance value of the ) :
qonBgsting in ssriesremulardeads Hevse @inetrhip aprEionds disslpsgdon The inductor
above, generally, the nunber of lead |ayers of the '
edemint baruetnbicuribioh meatiaibhe sams g8 HiahelsPasmt Fergtuse famdriberefore
costs and the design environnment and the like; and it
lias probieos simiargb thesg of Bdiengl-yeraiute 4.c Untotip wordsein Patent Literature
desi gner to determ ne the nunber of |ead |ayers. 10 S
5 3, t02B4ckessant thancramedbs nimbsriod lepddevenhierecrease the inductance value o
i nduct ance value is increased in the conventional art
thé BdhaeedementPattewntortingdo dhadassripticarsbo®:, génerdlly, the number of
necessary to lam nate the annular leads into multiple
lealieyess offthe semicbrductdr degd hhayesgaiatstal atdnyfagmdg icosts and the
t he sem conductor device, according to the
ddeign ehvitdnorentdnal/de liks; dridrii tsediforamdieiynexichaiingly difficult for the
conventional art disclosed in Patent Literatures 4 ,
d&ngnd,to trernoht ehicnednberdfichdmgersal ue is 15 limted by
t he nunber of lead layers and the surface area that -
10 [00Es]i ndus biher @oedEehi the eaupiiese therinddeeancasduaisanaedshé in the
di aneter of the annular |eads is supposedly nade '
dofv@ibnil @riaiéciisad an Paegdritdradits tdaind 6, it & neeessaryltaigeinate the
parasi tic capacitance occurs between the inductor
Bh@aeRrRhdANR hileipRaa)&on duigd AIimbi S idaatsersabtbally used in the
unfortunately, the performance of the inductor
SBInRFBALcIe RetckYaddetdehd @'tBt BSscridfod SR6)iFunileerandiif the
t he conventional art disclosed in Patent Literatures
AnodfioRal atthBEcBoded M PaleASitcRnAkI40MASE tHe Bt eiduceade value is
capaci tance that is a factor in the performance

15 188k&IythahingBerQfs 1t4iElal a6 Hed Bl salfBdRREa thhithO1ddaEtor element

wor ds,” a sol enoid coil shaped inductor elenent is

deBigBd Y 1R dabdvhed thelaski? bf HRasnhiBY RESS is Qgﬁbosqcﬂy made larger
’ e

therefore, no consideration is given to a reduction

58bRk Bfoct RRIPALAS A 0ARR PatARELaPLRIE 088 Betien the

. case where the 25 annul'ar ['ead fornms multiple wnds E
ﬂétlﬂ*c#&%l ahERE sbRAYShdu@Nkubbirdts, MALBIIMARER! de performance of

lcult to realize an i nductor el ement achi eving

tﬂ?ﬁﬁua?{&gﬂgh§§%¥§%¥%%ﬁﬂégﬁoarea and a reduction of

parasitic cap _ 027] On the other hand, in .
20 [P% nol ngi, ’3‘%%;“%‘2’??1053;%&‘5 bicARAPHER Iﬁterartures 4 and 5, there

strate nal propagation Tinme

e

secon and t
deRBEREH P IRANSE RS, 12 offRAGORE Aioi AN drhpdPinductor
possibl’e Toi'nprove the hig requencty characteristic
e?gméntﬂ & ilgxqggﬁyo L 1%%&%’&5@?9% {a!yers; and therefore, no consideraton is
gﬁ'ven to a reduction method of the parasitic capacitance occurring in the case where the
25 annular lead forms multiple winds m the same lead layer; and it is unfortunately difficuit

to realize an inductor element achieving both a reduction of surface area and a reduction

of parasitic capacitance.



5in this conventional art, the nunber of |ayers of
| eads form ng the inductor elenent is only two
| ayers; and therefore, it is necessary to provide
draw out |eads that draw out i%nput and out put
termnals of the inductor elenent to an exterior
region of the elenent; it is necessary to di spose the
| eads of the inductor elenent to avoid _the draw ou
083ls; Prithe gthsnhard is tachnelpsy digelgsed ipfatepiglijgsiure 6 illustrated in
| ayout constraints, as illustrated in Fig. 25, |eads
Fip. 2602 wighalpropageden tlmeéwevftmtbwa@‘ecaélarﬁﬁmerﬁ dirgtileagdoteand second
adj acent to each other; and therefore, the nutua
lparitticis ahartenbditand éherably, ap eneracionbetiveerslnadsiis madeismslley; and it is
result, the surface area efficiency unfortunately
pzbsmb]:emesnprsye Sedigh Byquency onavtenistic of the thducte ebament.  However,
surface area i s necessary to obtain the desired

5 inhtids cdrventonabirtighe aumbemdidayarnaf ieids foinhiag therihdustoraement is
efficiency declines. 15 [0028] Al so, in the technol ogy
athlstwcolagets; and Bedrefore, lif i @eatssarg iGpromde doave dutdeals ithot drasv ol
given to an inter-lead capacitance that becones a
ifpetaad ottput temmipelsfod tipindacicetiembmtatn exiendr refien of the element it
i nductor elenent. In other words, a solenoid coi
ishapedry digioss thelleade ﬂitanﬂmmmierbgmm hioid thediraw obeleads; and
of | ead layers; and therefore, no consideration is
18 04€ Borls@raiaty il c t Das ko todshainpasseibingtiated in Fig. 25, leads in
capaci tance occurring in the case where a | ead forns

10 Wchtirtdnp fiewwigBask Radhie be didpobedadidcayes cachntharf adstherefore, the
unfortunately difficult to realize an inductor
1Bl BATRAducAH0E Bitiveen BGhberd 1¢a8d Uinh 0N alf assiiebilt GredsuBice area
and a reduction of parasitic capacitance. [0029] The

B &8RP unifdBBRtel PledNASs. C OBE S dhEBydul cGBRSINGEE BlrbOFhi burface area is
the rél evant probl ens, and is directed to prOV|de

RBessAYHE bRkingh& BBMHedRAMIdMhcE S dlue Shd Wi BRRRI théSurface area
parasitic capacitance and hi gh perfornance, a
RO A ebifihddg method thereof, and a sem conduct or

devi cé i ncluding the |nductor el enent. [0030] An

15 [P@ﬁﬁgt OrAl% ‘?ﬁ'ﬁﬂatteﬁﬁfb% cﬁ&léé%dtﬂ? PatBHES Rt 8O b Rderation is
ormed in a8 multiple 10 layer |ead structure

%9‘9%5525 I8 ier-Rad 8&%01%6'%@6%&%@& $a8%81n hE ﬁ&rﬂ)ﬁ&aﬁb@g&énoratlon

eads above and bel ow, and a via provided

df‘ﬂ:?éﬁh&ﬁét?&geallé ﬁf‘gth‘ép%ﬁﬁt b 9&&&@@&1 ﬁﬁﬁé’@mﬁ{k%lbabﬁ%t is

wherer n ayers are nultiply Iam nated layers, is

LRSS SR e Pyl BoP08L HBTohadhrdhn oo
-7 ré&h%tlsf?k’d g%dl s %5§P§ é%en%gﬁtel%@c&gn G the Base WAREEL fbad forms

curren ectl y ad] cent coi l ed

20 %‘gragﬁ d@?@% gX }%r%[f:a%dg{elgtﬁhﬁ) | ndglgt ancﬁﬁiw i %enan
HERE TR T a—

bet ween other coiled |leads fornmed in the sanme | ead
qﬁﬁf e[0031]Thereby, t he nost dom nant parasitic

[§ CI t tepé$ {}{%}e’?lgfar a‘?fasi %Ogncgag nféo%sqaer%tlon of tﬁg televant

re uen

racterls f the |nduct r eI s Ccreat .
GBS et m&’ﬁ‘a“%f“bﬂ% o7 SERE g PR Cmintended
pOSJtloned dlre bel.ow or dlrect above, t
25 PR e A DT e Ap g R ) foehddR Hnd o
B At apachianss ! LB, | Lot @ eren

[0030]  An inductor element according to the present invention formed in a multiplel



[0032] Al so, the vertically adjacent coiled | eads are
provided in not less than three 15 | ead | ayers; and

not less than three |ayers of the coiled | eads may be
connected in series by the vidadto nmake fl ow

directions of currents the sane. [0033]It is

favorable that a lead width of the coiled leads is

| arger than a | ead height of the coiled | eads. _
Jap@3dddramittuer conpirisitg 4 Radraabhsildtivaiaysptat mgulbiet wadnabove and
other coiled leads fornmed in the 20 sane | ead | ayer
bedowecundla ippowidedig e ihdidativepaer al dehes ey lefR above and below
vertically adjacent coiled |eads [0035]It is

Whateindbddd afdiahreanulgplydaminaedrieyead, iv/chatticedrized i that: at least a
constant of an insulative filmthat insulatively

| }liﬁﬁéli af #3cdseapitr of varfieallvedidcedlitads ad cdiiedicadgithesbiled leads are
e )

10

15

20

ads is larger than an effective relative dielectric
SoRREdten sefiesd Wheftsbi@tdny irédtofl bivadrtidaliy kipléntebiled leads are the
separates 25 other coiled leads formed in the same =
daRRhyl P& brovi IR an'ent B rtiondELor, afl RIRN seAgCialEtitf@e; and an
to the present invention, at |east one of the coiled

-ih%d%@ﬁ&lﬁthﬁ&%ﬂh@?&ﬁ@alﬂ%ﬂ{i RentcdDedicadSis 13e&QhdPsh inter-lead

| ead othher than the coiléd Tead 11 having two w nds

GORRELEES RS \RRE doRLl RAdOMIMEl Mithe 341e Rlad ARST T WO
col led I eads conprising the one-wi nd shape nmay be

K ged | Thehdly, 8RMRodt 888kidaRY Sirasii OO 4diAsed bi @B hda¥itic bipacitances
i s favorabl e"that the inductor elenment according to
thi¥&aRES &M rioration of the high frequency characteristic of the inductor element is
created between the input and output terminals and ieads positioned directly below or

directly above the input and output terminéls; and thereby, the apparent parasitic

‘capacitance of the entire inductor element can be reduced.

[0032] Also, the vertically adjacent coiled leads are provided in not less than three
lead layeisg and not less than three layers of the coiled leads may be connected in series
by the via to make flow directions of currents the same,

[0033] It is favorable that a lead width of the coiled leads is larger than a lead height

of the coiled leads.

[0034] Fm’ther, it is favorable that spacing between other coiled leads formed in the
same lead layer is equal to or larger than spacing between the vertically adjacent coiled
leads.

{003 5_]' It ‘is favorable that an effective relative dielectric constant of an insulative
film that insulatively separates ieads of the Veﬁically adjacent coiled leads 1s larger than
an effective relative dieléctric constant of an insulative film that i.nsulatively selparates
other céﬂed leads formed in the same lead layer. |
[0036] In the inductor element according to the present invention, at leaﬁt one of the

coiled leads comprises a shape having two winds; a coiled lead other than the coiled lead



invention is fornmed by at least two |ayers of coiled
| eads. 5 [0038] At | east one of the coiled | eads

" positioned in the uppernost |ayer may conprise a

10

shape having two winds in thelkane | ead | ayer.

[ 0039] Al so, at |east one of the coiled |eads

positioned in the | owernost |ayer may conprise a

shape having two winds in the sane | ead |ayer
Hagimg OV AWindsf comraiseea shape DgHOG 0pe Wink apdat 1@@ enenileddgads
be substantially the same. 10 [0041]In the inductor.
qomprising theoensreindghers mpe bp faswatin thesene lasd Jayet. i s
favorabl e that at 1east one of draw out |leads
[66FHect edidipommbyeits fovorablethasfthe inducien dlersert agagrding to the present
el ectrically connecting to an external elenent is
ifveantied id forraed eadt leasy evo tiyefsarientled ksads. a | ead | ayer
wherein the coiled | ead is forned. [0042]Thereby, it

08380 | orideast omceftba ryildddedds positivocEwi thevppennost tayer may

avoid the draw 15 out |ead; and therefore, the |eads
ommmnmﬁadm@ph&eﬂngbhthghtm@mamﬁyadhmdrthereby it is
possible to reduce the surface area that the inductor
[6d357eNt Alss wpleast @pdf thealoilzé ieuds poduwtedin i domgermost layer may
havi ng a high surface area efficiency. [0043] Al so, at
dogpsibe ®tepohaditgwvo windsiadse sonniead bget 0 an end

portion of the coiled | ead for electrically

oo ect iAlgot Bie dndeiditnal the beillmiitadvayaytie sﬁbsmﬂmllpyheasmme

el ongation of 20 any |ead positioned at an outernost

fod41gunt es encad@diot dlemetiacestdirpad thd MOA] itverition, it is favorable that

- favorabl e that di stances between other coil ed Ieads

15

20

dh RhsRie lof dteoRaBRis|cBaskcled)i6anahe pattion d8RStcanéd Rbd Yor

the same in the same | ead 1ayer
electrically connecting to an exiernal element is formed in a lead layer different than a
lead layer wherein the coiled lead is formed.

[0042) Thereﬁy, it is no longer necessary to form the coiled jead to avoid the draw
out lead; and therefore, the leads can be disposed with high density; and thereby, it is
possible to reduce the surface area that the inductor element occupies and realize an

inductor element having a hi gh surface area efficiency.

100437  Also, atleast one of draw‘ouf_ leads connected to an end portion of the coiled

1ead for electrically conmecting to an external element may be formed by an elongation of

any lead positioned at an outermost circumference of the coiled lead.

[0044] | It is favorable that distances between other coiled leads formed in the same |
lead layer are all substantially the same in the same lead layer. |

[0045] Thereby, icads forming an inductor element can be disposed with high density,
and therefore an inductor element occupying a smaﬂ surface area can be formed.

Further, in the case where the int_er—iead distance of adjacent Jeads in the same lead layer
are disposed-proﬁi:nally, the mutual inductance is large; and therefore, the surface area

efficiency of the inductor element can be improved. Thereby, magnetic energy can be
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[ 0045] Thereby, | eads form ng an inductor elenent can
be di sposed with high density, and therefore an

i nductor el ement occupying a small surface area can
be forned. 25 Further, in thelXase where the

inter-|ead distance of adjacent |eads in the sane

| ead | ayer are disposed proximally, the nutual

i nductance is large; and therefore, the surface area
effi¢ieutieavcymuolptetthand in dhupsiseibledb emubit megnetib gignalpnigvigtence to

Ther eby, magnetic energy can be 12 efficiently
acamdiateds and it is possible to inhibit magnetic

signal interference to adjacent el enents. [0046] Al so,
[obdn]coi | Addo, teadbiied Yeddansy avslaidif. [ 0047] Furt her, the

draw out | ead may have a slit. 5 [0048]1n the
[0ict orFuethenrdistdrase oot ad crayhavhesigr esent i nventi on,

it is favorable that dummy netal is nultiply formed
(oM | edd thedyduciovederatm atbwerdingitd ée prasacdsneméon,ar sedyorable that

and a density of the dumy netal of a side proxinal
dughrh N et is iediip@adanédinl Hlerd layvhiawhaeid ditsdoilyd dfadt he formed, and

dummy netal of a side distal to the coiled |eads.
A RAGY) ftiele tinamgrhatal dfta dide proxionall e bbitdd iadsTy lowed ahan a

is multiply formed in a lead 10 | ayer positioned in a
deﬁéﬁgr ofaBON ey nRRiQN adideatistal @) colld@leally) the coil ed

| eads are forned and a density of the dunmy netal of

[ao4djde Q&&ﬁﬁdﬁ&hy t1@13tfﬁﬁor§.§1b e duaesméts! ik ewstiply e in a lead -
density of the dummy netal of a si'de distal to the

1&;% 86ttibRAAS  14y30 BOUAbribRRNE A Rad @lyerRBéreiiaRY EARIIUEA R Ghre
od according to the present invention conprises:

7f9m§é@ Bod BainsfiP bihettunGA nledy OF 2 Was hRixina 16 tld Rlch ¢ads is lower

on an insulative
than a density of the dummy metal of a side distal to the coiled leads.

[0050] © An inductor element maﬁﬁfacturing method according to the present
invention comprises: a step that forms a lead layer wherein a coiled lead on an insuiative
fﬂﬁ aﬁd a via that connects coiled leads are provided; a step that laminates lead layers
wherein an inter-lead capacitance of the vertically adjacent coiled leads is lﬁger thanan
inter-lead capacitance between other coiled leads formed in the same lead layer; and a |
éte;p that forms a draw out lead for electrically connecting the coiled Iéad to an external
element. |

[0051] A semiconductor device according to the present' invention comprises the

inductor element described above.

Effect of the Invention
[0052] According to ‘thé present invention, the most dominant parasitic capacitance
of the parasitic cépacitances that cause a deteridration of the high frequency characteristic
of the inductor element is creatéd beﬁveeﬁ the input and output terminals and leads |

positioned directly below or directly above the input and output terminals; and thereby,



15 filmand a via that connects coiled | eads are
provided; a step that lami nates |lead |ayers wherein

an inter-lead capacitance of the vertically adjacent
coiled leads is larger than a3 inter-1ead capacitance
bet ween ot her- coiled | eads formed in the sane | ead

l ayer; and a step that forns a draw out |ead for

el ectrically connecting the coiled |ead to an.
thoamentmaded phesitictcapRitap coefithainsupior el pmekticon bessdueed; and the

.according to the present invention conprises the ,

 appatenttparasitic enpavitanesyithd exfira usluetor eiepeetcagbererced. Thereby,

I nvention [0052] According to the present invention,

- thdidgimfrsuetioyrtiraadttensiicagiths snoepevitbadryécedacloding e inductor

i0

15

20

25

parasitic capacitances that cause a deterioration of
eldneenheagfbefimpearercy characteristic of the inductor

el ement is created between the input and out put

termnals and | eads BresiDesarienai Deovings bel ow or

directly above the input and output termnals; and

[b0B31 eby Fig. 13s k behenritiotpergpectipaias iluscatogpadhdute elafent

the inductor el enent can be reduced; and the apparent
aBeordink td £ fiesh paghplancanbidiinbe: «fihd presenhiduettom. el ement

can be reduced. Thereby, the high frequency ,
charpchLhé 8tdienplic tdievisarilaantug b dirst dei ledllasueladd Rig. 1; Fig.
the i'nductor elenment can be inproved. 5Brief :

JPestehap is%nscﬁémﬂﬁcﬂ@?)ﬂ@@w [10253litd Psecdnd lsad2s G DAt shwilarly is a
perspective view illustrating an inductor el enment

SBEGRUR GOV iBudtAisk AKRIRANY; tRgidTesimilafly idwschematic top
present i nventi on. Fig. 2Ais a.schematic top

WivE Mustraeold BiitA%ead 4. rst lead la illustrated in Fig.
1; Fig. 2Bsimlarly is a schematic top view

R F%ﬁ] & &tik DecRn e VI atudtink st 163Gs Siriell & b Yirst fead layer
10 schematic top view illustrating a third | ead 3a;

l@'lf Okl $5 1@%&5&‘«3{1@{3[&“&@ iBusaBSRchid T8 hBYM in a second lead
ifTuStrating a fourth [ead 4a. : _
layer 102; Fig. 3C is a schematic top view illustrating third leads formed in 2 third lead
layer 103; and Flg 3D is a schematic top view illustrating fourth teads formed in a fourth
lead layer 104.

Fig. 4 is a schematic cross-sectional view of an extracied portion of a multiple layer

lead structure on a semiconductor substrate.

Figs. 5A 1o D are schematic top views illustrating other embodiments of F igs. 2A to

~ Fig. 6 is an equivalent circui’; diagram of an inductor element according to this
exerﬁpléry embodiment.

Fig. 7 is a rewritten equivalent circuit diagram of Fig. 6, wherein the magnitude
reiation of capacitances C;, Cz, Cs, and C4 is considered; C; and Cq are sufficiently small
in comparison to C; and therefore are ignored; and further, Cs also 1s smaller than C; and’
13 ignored. |

Fig. 8 1s a graph illustrating the frequency dependence of an inductance between an
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Fig. 3Ais a schematic top viewillustrating first

| eads forned in a first lead layer 101; Fig. 3Bis a
schematic top viewillustrating second | eads forned

in a second lead layer 102; I#ig. 3Cis a schematic

top viewillustrating third |eads forned in a third

|l ead 15 layer 103; and Fig. 3D is a schematic top

.view jllustrating fourth |leads fornmed jn a fourth

mpahand eg)y(@}tp@@i the inductqn eée_amqntis dlustrated angig; ¢ and Fig. 27, calculated
cross-sectional view of an extracted portion of a .
fioir the ftel inwpdance dgvesn thecnpyiang ihe ouaw of hrrastvglent circuit of |
substrate., Figs 5A to D are schematic top views

cpghy ipduotestalengenst her enbodi ments of Figs. 24. to 20D,

Fig. 6 is an equivalent circuit diagramof an

i ndligt dis aedchamatic osoreshongl (v Frswisg dhgsirating a method for
enbodinent. Fig. 7 is arewitten equivalent circuit
ngingfpeaning thedingucter, clomentaicerriing terslniitsiekemplira einbadiptent of the
capacitances CI, 02, C3, and 04 is considered; 03 and
pEesgerdrievestibi ci ently small 25 in conparison to Cl and
therefore are ignored; and further, G also is

smaFigel0A FamscBtmandtopsvigw dbrsedting-thg firg l¢as layegrd 8phf an inductor
illustrating the frequency dependence of an
elenguticansiend et aveeondexeniplary mplbodameht afithe ptasent infentibe; Fig. 108
i nductor elenments illustrated in Fig. 7 and Fig. 27,
icabahainati e pfviomilivsaating gk steqpedemicleydydMeé thetshmej Figut0C 1s a
and the output of the equivalent circuit of each

sthethatit cop Bbenbndtratikg ¢he tBird $cad IspndiBbf the same; and Fig. 10D isa
cross-sectional view stepwise illustrating a nethod
sbl@imatic top view illustrating the fourth lead layer 104 of the same.

Fig. 11A is a schematic top view illustrating first leads formed in the first lead layer
101 of an inductor element according to a fourth exemplary embodiment of the present
invention; Fig. 11B is a schematic top view illustrating second leads formed in the second
lead layer 102 of the same; Fig. 11C 1s a schematic top view illustrating third leads
formed in the third lead layer 103 of the same; and Fig. 11D is a schematic top view
illustrating fourth leads formed in the fourth lead layer 104 of the same.

Fig. 12A is a schematic top view illustrating first leads formed in the first lead layer
101 of an inductor element according to a fifth exemplary embodiment of the present
invention; Fig. 12B is a schematic top view illustrating second leads formed in the second
lead layer 102 of the same; Fig. 12C is a schematic top view iliustrating third leads
formed in the third lead layer 103 of the same; and Fig. 12D is a schematic top view
illustrating fourth leads formed in the fourth lead layer 104 of the same.

Fig. 13 is a schematic plan view of an extracted portion of a lead of an inductor
element according to a sixth exemplary embodiment of the present invention.

Fig. 14A 1s a schematic top view illustrating first leads formed in the first lead layer

101 of the inductor element according to the sixth exemplary embodiment of the present
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5 manufacturing the inductor elenent according to the

first exenplary enbodi nent of the present invention.

Fig. 10Ais a schematic top viewillustrating the

first lead layer 101 of an inductor el ement according

to a second exenplary enbodi nent of the present

invention; Fig. 10B is a schematic top view
_iIIustratin%_the second | ead | ayer. 102 of the sane;
mypgtion; dug. 1¢B4s 8 GehsERERAeR VWeroluttraing spqond d52gs forge ppthe second
third | ead | ayer 103 of the sanme; and Fig. 10D is a
lead pasien d P2 of e samevliig| 14Gsis Rachag e Visyy Slﬁsf%r@é% thigg lepds
104 of the sane. Fig. 11A is a schematic top, view
forpmed 4 the thisg leafl dayjer ﬂ%afgﬂhﬁ semecanddig Hél} is psehqmesig top view
_layer 101 of an inductor elenment according to a
fustrpeing & iy leadyfosnerba the Furtf leadlay ey 4@ fhe sgpent i on;

Fig. 11B is a schematic top view illustrating second

| eakdie- 1 htpta sshemafiqthp viat Bivgiramng e dryt dgpd dayeo %0 bef arhaductor
same; Fig. 11Cis a schematic top viewillustrating
elenientiadcerding fonrrighth axemplarhimigpdiment df diearreseoBingéntidye
same; and Fig. 11D is a schematic top view

i | | Xigt tais avgbéroatia drogsesedgonad vieadiliugirating af dwmohmietsd disposition of
| ayer 104 of the sane. Fig. 12A is a schematic
aend leyerwopitibust ared Japier elow the bustilsad blyedl(ln the fir st

| ead | ayer 101 of an inductor elenent according to a
fifFig. &xénpt sohymenbgi ienof efsenengiroteaieyic2 8ccording to a ninth
invention; Fig. 12B is a schematic top view
exdrhpistyatmhglimec o thd wagst froeneeh; iand Fiee 1 3R condobesdtional view
| ayer 102 of the same; Fig. 12Cis a schematic top
alingWnk |A-Wsdfifag.iifg.third | eads forned in the third

| ead [ ayer 103 of the same; and Fig. 12D is a

schEnal § & 4 auitidéayrarh lofi er emicgndboor d¢videemdardingrtode ninth

in the fourth lead |ayer 104 of the sane. Fig. 13 is
efermsplhsnahbelipban dieegweseht arveattdit.act ed portion of a

| ead of an inductor 25 elenent according to a sixth

exerRl agy ieabdinarttopoficw € aperssidd dssarenl p@tion of a

Fig. 14A is a schematic top viewillustrating first
s¢rARABd @6 R ck Acddrdink itd & tedtle agkhplyrendidfingdnt bhthe present

i nductor elenent according to the sixth exenplary
nehach; madtFief 9BHe a presesdtionhbviewatiiel 1@, A-Bl ¢ Fid ABA. S

a schematic top viewillustrating second | eads forned

I N Fi3e26 eCosfieheddtiobaysy of O egtacidie:sSiigl pdriiéh oflddentiSonductor
a schematic top viewillustrating third | eads forned

dbWict Beokdihg & ar@dvdndy &fentfiZymHBodinGA PR the PRchef ifventidy.
is a schematic top viewillustrating a fourth | ead
forprd2l i 4 HBehaid LB Hiedf hayeraclddsotithRr8&NSE a semiconductor
device according to a twelfth exemplary embodiment of the present invention.
Fig. 22 is a schematic perspective view of an essential portion of a semiconductor
device of conventional art.
Fig. 23 A 1s a schematic fop view illustrating a spiral inductor of a layer below the
semiconductor device of conventional art; and Fig. 23B is a schematic top view
illustrating a spiral inductor of an upper layer of the same.

Fig. 24 is a schematic top view illustrating a spiral inductor of a sermiconductor

integrated circuit of conventional art.
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5Fig. 15 is a schematic top viewillustrating the
first lead | ayer 101 of an inductor el enent according
to an eighth exenplary enbodigent of the present

i nvention. Fig. 16 is a schematic
cross-sectional viewillustrating a dummy net al

di sposition of a |lead |ayer positioned on a | ayer

bel }q%\fa%igels A sEl’?ethtﬁatg Wﬁo&%e d 1ea<g 9 Slch]: 7§‘1d' Fg2&5B

sche em10 a senlcon

]%’lcl%ﬁg gslt an&hgm Q(I_)tﬁ) %%ﬁéﬁr@%%fﬁ/ leﬁ&@ P gi S C(%ﬂ(ﬂl@t%r substrate

|nven cros ona
gleM/anng I|ne A—A of Flg 17A Fig. 18 is a
?rCU|t di agram of the sen1conductor devi ce according

h nbodi th
\#ém? o‘ﬁg}l ﬁﬂ‘gé n%,&ﬂic glagqfﬂ% ﬁafm Sl %tBr @Fgl%Sto?%%nvenﬁonal art.

o going 825‘%%1' ?ﬂ'&u :f? & kf?rﬁmﬁ%sﬁrsmf?? L Ao magnituce
eiq Egpr g %%E{t‘?ﬂl‘?g%/ %’ﬁgjﬂ is ﬁ%ns leped ?3 ﬁl% Ca g5 &uffh"‘lalﬂy small

20 is .a schemat,i VIGM/Of an.extrac essen
e ﬁﬁ%ﬁgﬁ@%@%@%ﬁe@ B e s B pferthan €, and
el eventh exenpl ary enbodi nent of the present
BﬂﬁWEﬂ?lon Fig. 21 is a schematic top view of an

extracted essential portion of a sem conductor 20

device according to a twelfth exenpl ary enbodi nent of

the present invention [ che tic

perspective vi emPSFcrﬁ}ﬁloéé’gg??tzligﬁFreB?ﬁ a

seni conduct or device of conventi onal art
[0034] la, 1b, I¢, 51: First leads

2a, 2b, 2¢, 2d, 52: Second leads

3a, 3b, 3¢, 3d: Third leads

4a, 4b: Fourth leads

5a, 5b, 5c: Slits

6ato 6m, 7a to 7c: Vias

8, 8a: First draw out leads

8b. 9: Second draw out leads

1¢: Insulative film

11: Lower layer insulative film

12: Lead groove

13: Metal film

204, 20b, 21a, 21b: Dummy metal groups
22: Region directiy above which an inductor lead is formed
30: Semiconductor substrate

31: Element separation insulative film

32: Inter-layer insulative film
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Fig. 23Ais a schematic top viewillustrating a
spiral inductor of a |layer bel ow the sem conduct or
devi ce of conventional art; and Fig. 23Bis a

schematic top view 25 illustridting a spiral inductor
of an upper |ayer of the sane. Fig. 24 is a
schematic top viewillustrating a spiral inductor of

a sem conductor integrated circuit of conventional
ar t33: Pewer supplydiegd 25A is a schematic top view from
the second |l ead 52 side; and Fig. 25B simlarly is a
sch¥srdustosstamtvi ew fromthe first |ead 51 side
(sem conductor substrate side). Fig. 26 is an
equiv Rieaiptanes elewiep! di agram of an i nductor el ement of
conventional art. 5 Fig. 27 is a rewitten equival ent
ci rfuilrangiséyr am of Fig. 26, wherein the nagnitude
relati on of capacitances Cl, C2, C3, and C4 is
con®i: dameterm@®land C4 are sufficiently small in
conparison to Cl1 and therefore are ignored; and
furihéhtpuCeradisd is smaller than Cl and is ignored.
10Description of the Reference Nunerals [0054]la, Ib,
| ¢,3%iGrofiding ldadads 2a, 2b, 2c, 2d, 52: Second | eads
3a, 3b, 3c, 3d: Third |l eads 4a, 4b: Fourth | eads
1554): Defipsi®ciay8tits 6a to 6m 7a to 7c: Vias

41: Metal lead

42: Contact

43: Noich

44, 45 Lead groups

Best Mode for Carrying Out the Invention
[0055] Next, exemplary embodiments of the present invention are described in detail
with reference to the accompanying drawings. Al of the accompanying drawings
schematically illustrate exemplary embodiments of the present invention; and the
dimensions of the structures according to the present invention are not prescribed by the
proportions of the components of the drawings.  First, a first exemplary embodiment of
the present invention is described.
[0056] Fig. 1 1s a schematic perspective view illustrating an inductor element
according to this exemplary embodiment; Fig. ZA is a schematic top view illustrating a
first lead 1a iHusirated in Fig. 1; Fig. 2B stmilarly is a schematic top view illustrating a
second lead 2a; Fig. 2C similarly is a schematic top view illustrating a third lead 3a; Fig.
2D similarly is a schematic top view illustrating a fourth lead 4a; Fig. 3A is a schematic
top view illustrating first leads formed in a first lead layer 101; Fig. 3B is a schematic top

view illustrating second leads formed in a second lead layer 102; Fig. 3C is a schematic
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8, 8a: First draw out |eads 8b, 9: Second draw out

| eads 10: Insulative film 2011: Lower | ayer
insulative film12: Lead groove 13: Metal film 20a,
20b, 21a, 21b- Dumy netal grl8ups 22: Region directly
above which an inductor lead is formed 2530:

Sem conduct or substrate 31: El enent separation
insulative film32: Inter-layer_ jnsulatjve fil

op3Aep SlusrasR g 1radadormaed ih e tsnd Ayerifds Fie. 3D s 3 Schematc

top view illustrating fourth leads formed in a fourth lead layer 104; Fig. 4 is a schematic
cross-sectional view of an extracted portion of a multiple layer lead structure on a
semiconductor substrate; Figs. 5A to D are schematic top views illustrating other
embodiments of Figs. 2A to D; Fig. 6 is an equivalent circuit diagram of an imductor
element according to this exemplary embodiment; Fig. 7 is a rewritten equivalent circuit
diagram of Fig. 6, wherein the magnitude relation of capacitances C;, Cy, Cs, and Cy 18
considered; C; and Cy4 are sufficiently small in comparison to C; and therefore are
ignored; and further, C, also is smaller than C, and is ignored; Fig. 8 is a graph
illustrating the frequency dependence of an inductance between an input and an output of
the inductor elements illustrated in Fig. 7 and Fig. 27, calculated from the total impedance
between the input and the output of the equivalent circuits of each inductor element; Fig.
9 is a schematic cross-sectional view stepwise illustrating a method for manufacturing the
inductor element according to this exemplary embodiment; Fig. 26 is an equivalent circuit
diagram of an inductor element of conventional art; and Fig. 27 is an equivalent circuit
diagram wherein Fig. 26 is rewritten similarly to Fig. 7.

10057] As illustrated in Fig. 1 and Fig. 2, the fourth lead 4a of the inductor element
according to this exemplary embodiment is wound roughly two winds in a coil shape
having a spacing provided such that adjacent portions do not contact in the same plane in
an insulative film (not illustrated) on a semiconductor substrate (not illustrated). Then, a
via 6¢ is formed on a longitudinal direction end portion upper face of an inner side of the
fourth lead 4a; and a via 6d is formed on a longitudinal direction end portion upper face
of an outer side. Thereby, the fourth lead iayer 104 is configured.

[0058] The via 6¢ is connected to one longitudinal direction end portion lower face
of the coi} shaped third lead 3a, which is formed in the third lead layer 103 positioned
above the fourth lead layer 104 and has a notch in a portion; and a via 6b is formed on the

other longitudinal direction end portion upper face of the third lead 3a.
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35: Resistance el enent 36: Transistor 537: | nput
termnal 38: Qutput term nal 39: G ounding | ead 40:
D ffusion | ayer 41. Metal |ead 1042: Contact 43:

Not ch 44, 45: Lead groups Best® Mbde for Carrying Qut
the Invention 15 [ 0055] Next, exenplary enbodi nents of
the present invention are described in detail wth

reference to the acconmpanyi ng dra Al of the
[ nparPs g AriagpEgste {4 dbns qnggv%ﬂgqsqea%% %ﬁdepomon lower face
exenplary enbodi nents of . the present invention;
of He wlﬁwﬂ@@@néﬁea@r?@e whichds iﬁrg@da%%rsa?«w& lezgh 1@15% 16 positioned
resent invention are not prescrlbed by the
E‘PYf-'pYBP thigreaddpyer 183 eBdpane RO &1 2 ppraopy % ja ba 5 fpgped on the

a first exenplary enbodi ment of 20 the present
othey @ﬂg;t@(im@lgip eliqry gngdarprtion upper face of the second lead 2a.

[0060] The via 6a is connected to one longitudinal direction end portion lower face

of the coil shaped first lead 1a, which is forrﬁed in the first lead layer 101 positioned
above the second lead layer 102 and has a notch in a portion; and a via 7a is formed on
the other longitudinal direction eénd portion upper face of the first lead 1a. The via 7a is
connected to a first draw out lead 8 formed in a lead layer positioned above the first lead
layer 101; a via 7b is connecied to the first draw out lead 8; and the via 7b is connected to
a second draw out lead 9 formed in a lead layer positioned above the first draw out lead 8.
j0061] Also, the via 6d formed on the longitudinal direction end portion upper face
of the outer side of the fourth lead 4a is connected to one longitudinal direction end
portion lower face of a third iead 3b formed to surround the third lead 3a in the third lead
layer 103. Similarly, a lead (not illustrated) is connected also to the other longitudinal
direction end portion upper face of the third lead 3b by a via (not illustrated); and thereby,
the inductor element according to this exemplary embodiment is formed. Here, the
positions of the notches of the leads formed in each layer are different for each layer as
illustrated in Figs. 2A to D; and directions of current flowing in the coil shaped leads
laminated vertically are the same. In Fig. 1, the third lead 3b 1s represented as an arrow;
but the third lead 3b is a coil shaped lead having a notch in a portion similar to those of
the first lead la to the third lead 3a.  Alse, for fear that the drawings would become
complex and obstruct the understanding of the reader, the leads connected to the third

lead 3b are omitted in the graphic representation of Fig. 1.

- 10062] In the case where the inductor element according to this exemplary

embodiment has four Iead layers and three winds, as illustrated in Fig. 3D, a fourth lead

4b is formed to surround the fourth lead 4a in the fourth lead layer 104; a via 61 is formed
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[0056]Fig. 1 is a schematic perspective view
illustrating an inductor elenent according to this
exenpl ary enbodinent; Fig. 2A is a schematic top view
illustrating a first lead la Khlustrated in Fig. 1;
Fig. 2B simlarly is a schematic top view
illustrating a second lead 2a; Fig. 2Csimlarly is a
schenatlc top viewillustrating a third lead 3a; Fig.

g&oﬁ% 'ﬂ}dggz% ld%— étﬁ)'l_]aenﬁ ‘bgﬁmﬁtd eE f% e Yt tﬁg\’félﬁh"@ﬁd f% 1288 the other

ourt ematic top vie

fféé%ﬂ#ﬁhﬁ%%mfnlséngtpglgﬁcﬁzq§ PBQE?E%% él&g\%}.&% Sagntdu?%%ldeﬁlee%tmn
gRespd | Scﬂaoﬁgqu@g?ﬁeéﬁfﬁgﬁﬁ%ﬂ A ReL A fo@éa to surround

Vi €
SR A T ﬂg% oA Y FL A 1 doggle,f» Rdial

élrecaon o ?Ortlﬂl? ?ggelr %Xc%oqu e4fh1r'c:1|lgad ! et!ﬁt i&ndt co%nn&#e(f: to the via 6d.

Cross-sec a anextrac por

lﬂg%gnsel ,pl Eléd ?e\éceirgg c&){ UCt Hufid t%n??ead%%ndl’hct\%a 6h i is formed on

_ gt sc IC top Vi

' *olagﬁ%ﬁ a% dgrgctgotd{]ﬁet{(} g%gﬁcfr}lblgg%regfﬂc? o&ﬁ;g é@&‘gfe%‘? 36 a9ls flot connected to
Rgbmanee T o SRl Pl RetBiSag B Bied s alpmgiudina

R L Sl

A AT S B RISy i

oot Ffﬁ@ of ﬁ@%@&f@éh@n%@%@%ﬁﬁ&%g{ ol 5’1 e 1

IDREHICt or<br-crelivemietin ey ébegr%?w%ﬁ g B st g swound the

calcula ed fron1t nce en _the inp

sarRRck] B 5P kégi%y&r %@f @R aciit gﬁﬁ?@ﬂ@fi BeR ngitudinal
nduct or elenent Fig. is a )

%wa%gn SELRITRTRPPRAT dfe éweg%n herﬂf%'? T Ewﬂr?@ aaseﬁ%ttcwsad 2eis

for manufacturing the inductor el enent accordlng

formed tesurping thc seaondilensib; and g viasgg is dorgred @amnv &?f@rwdmal
circuit 15 di agram_of an |nductor el enent, o

dirsptiamendoppafionppper facg ofithy seoond leadyc. eElaﬁ va I6'é fgrmed on the third
circuit diagramwherein Fig. 26 is rewitten

legdmily ig cpynactedptp g longitupabdipgesionend, geitiop deyverfags of thg second lead
and Fig. 2, the fourth | ead 4a of the inductor

28 @rfvélmrh thecdr 6f sgiot provifled: endethp Vi G forperiphibten gortion upper

wound roughly two winds in a coil_ shape having a

fagsaditheythir dedddisd's surectedlde adengitdinel disrctipe aad pertinpdower face of
contact in the same plane in 20 an insulative film

thimescond lead £e an edychothe yiasegisaonpwoidsd- substrate (not
illustrated). Then, a via 6¢ is forned on a

[0@f5di t udivether, di Hivstraton irehig. pos ¢ liow laad dbris foamed &f wind roughly two
inner side of the fourth lead 4a; and a via 6d is

wiodnteduonwad thefigittieasi Tnailn thi¢ fist {624 heyen 80 orhe Ga 60 pesed on the
face of an outer side. Thereby, the fourth lead |ayer

sa@ndileadcinif icgurestid t 006 BingHudwmirkdiGctipsempnraen kaver dace of the
one |longitudinal direction end portion |ower face 25

fipft 1¢ddlel ke end thehagpegl farhried dnl tbadoBpgrtiom nper ifaccfod thesgcomd lead 2¢ 1s
the third I ead | ayer 103 positioned above the fourth

chemdtadday ¢he dibet lamgltudasl diractotendpogtiqgpdotveoface afttie dirst lead 1b.
via 6b is formed on the other |ongitudinal direction

Thaekbp.oadt inducterpienedtdaeingffotihiead hiyerd ahé dde@ainds, which are

connected in series such that the orientations of the current that flows between mutually
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19 [0059] The via 6b is connected to one | ongitudina
direction end portion |ower face of the coil shaped
second |l ead 2a, which is fornmed in the second | ead

| ayer 102 positioned above tHH third | ead [ ayer 103

and has a notch in a portion; and a via 6a is forned

on the other |ongitudinal direction end portion upper

face of the second lead 2a. 5 [0060] The via 6a is
veminalgcadatenoleadsert tregiamedisfatmai. r ecti on end portion

| oner face of the coil shaped first lead la, which is
[60s6ired iThe iriactor elsmeheawotdyeto thd Expopliaty onedimpgve formed such
the second | ead |layer 102 and has a notch in a

thmo tiei 1otet-lead dagacitivece detweenfmuiwelly wrtitdlly adjdeent leads of the leads

| ongi tudi nal direction end portion upper face of the
féning thedadhcka elefiedrt W largéathas thomnredtad dapaitande besween mutually
draw out lead 8 formed in a lead | ayer positioned

adjacate [dalieirf the sdmé kad Idb@r.| alpeothdGlards the iadititon edement according fo
connected to the first draw out lead 8; and the via
thibetesnglanratodindnd has 5 esihraticviuciuthat, éarctx8mblat amdng the

a lead | ayer positioned above the first draw out | ead
pBrasiti0 Qfdac Alnses bétagel lead§ that aeritbraimet b alleudgiidticivrall a lead
directi'on end portion upper face of the outer side of
shddng ol thé fite Bddd da busd TioAMPHeaekond l@ide 24 emyPh adinnBd schematic
direction end portion | ower face of a third | ead 3b

cfRE-RBHoh S G [iRusheeti ie Fid il farhaaecapacitahcéshe atahti ndb between
| ead 15 | ayer 103. S|n1larly, a lead (not

ot S e agﬁcéiﬁ MRE afdlafdes thah Patabi€ic bR tances 10a and 10b
Iongltudlna rection end portion upper face of the

blietf nhea@diy 3R R¥ntdeddsan (ROdantd leatblayat ed) ; and
t hereby, the 1nductor elenment according to this

| ar
[w The SRR FRMenk %J&&lﬂg 6 thidex8mpldte eRBSdincMNas a

e notches of the |eads formed in edch |ayer are

cghﬁ%ﬁé whQEinGRGR A% BhciBBicbd AX%%hé abfkeh hufl0S- ad?aéﬂnt leads,

and directions of current flowing in the co

n%{@lﬂ? Gorl 1R AR 2Dl %ﬁ@i@ O Bletsb&RklIdadRDE ahd1Sh, %ﬁﬂso kifnilarty for
"1, the third Tead 3b is represented as an arrow

o%'f nL mal fylyd a@eﬁtqgﬂis?’f?ax}eﬁ)a?as% da ﬁm&ﬂ peR@dn Iﬁﬁﬁ&ﬂﬁr x%rtlcally

ortion siml'ar to those of the first I'ead

agﬁnélﬁ 1826 tﬁal? ?fé:qgllgggﬂlaﬁ% Qric I: if:88%s Be\deniB@ually adjacent

aw ngs wou nme conpl ex an obstruct the
B
pﬁ‘%@ﬁ&s{iﬁ%}; LhQR n%fcrh't: e le P d D 9@1‘1:\% ﬂmcfu%r €R %nW &stance

L elfﬁén according to thi's exenp ary
b%ﬁ?e%g taﬁjgit:érg éia%is '.ﬂ?lldrth% %;ﬁ‘gcgivgggl: ?};&]’ﬁ QQ& %Sn g? t#ggﬁiuéative
5 %s&gn%g %%s bét%%(t:r;l H}%ag@ aﬁ?aceﬂt lgﬁﬁ f ?’H&Eﬂ]}ré, ?1?91;;] Q}/ﬁg condition

wherein the parasitic capacitances 11a and 11b between mutually vertically adjacent leads

become larger than the parasitic capacitances 10a and 10b between mutually adjacent

leads in the same lead layer 1s represented by formuia 1 below.

[0068] [Formula 1]

-

10069] Here, ¢ is the relative dielectric constant of the mnsulative film formed
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20 on one longitudinal direction end portion upper
face of the fourth | ead 4b; and the other
| ongi tudi nal direction end portion is positioned
el ongating in an outer side @Zrection.
[0063] Additionally, as illustrated in Fig. 3C, the
third lead 3b is fornmed to surround the third | ead 3a
inthe third |l ead | ayer 103; and a via 6e is forned
beween thefigsttiendi Inedr 191 dnd et deopndelgar! lawert i08nh itpe Hhiglkpess of the
of the third lead 3b that is not connected to the via
inguliati Fufitnh of the samxi w ¢ the derd3widihsofithe fstiiead 1&.ithe Brshtpad 1b, the
the third lead 3b; and a via 6h is forned on a
sdcongjicad darrmld thit seeond sad 8hgt ip tret ieahhaighp of thicsemend: is the relative
third lead 3c that is not connected to the via 6i.
ditfeetric dohetanti off tifi infdatrefilon exibdnd etwedn the fivkt Iadilg and the first
connected to a longitudinal direction end portion
ldad Wb rand beieveerd thetsecdnidileat! 2ol Be sawndiiad Bbi dve sk sheghad spacing
I's not provided; 10 and the via 6d fornmed in the
béteuaet thelfestdeatil d sddosmieat o andberwbante seodnd &dad 2a and second lead
direction end portion | ower face of the third | ead 3b
2en which the via 6e is not provided. [0064] Al so, as
illustrated in Fig. 3B, a second lead 2b is forned to
[EOTF0F ounThé kelusee eletheheiditstZated in Fibet sasaoodfibeaton thaesatisfies
102; and a via 6f is formed on one | ongitudina
feHi@ect tehedashvpodadd therefipperedigtion offect beths @amsiliclcapatitance of
2b. Further, a second lead 2c is 15 forned to
tiRuhd@Rdldheit secbhgbthgad 2b; and a via 6g is forned
on one longitudinal direction end portion upper face
[G071t he 2QGRdEatkERKoREula TheciddatRee fiok MBdrale thhetht addvidth (w)
|l ead 3b is connected to a longitudinal direction end

oPBtcoDEY leaNver tafodE@al thd 1881 BEERNE) dfe@codbd AdWHiAGR, fthefavorable
via 6f is not provided; and the via 6h formed on the

110 theRPALTh O %) BBRREN bBRe coifed IBLIst Bl heRdkade 1b&l tayer is equal to or
connected to a longitudinal direction end portion

idr@MBharf 86 8pRingZ®) theveaeaNndadifd: Zhic@Malthi BlirtiidReit W fvorable
69 i s not %ro&%%%d. FOOGS?gugther, as illustrated in

tHak the FRctife feidivt dedaghid Borstant 01, NBURE PisWkiioh FRYUEAL Wsulatively

two winds to surround the first lead la in the first

sl:é%?%es! RUEEI QdricdiRead ﬁc%ln@éoi_feﬁrl\g‘_ﬁg 1PBrdeh had GC0Fbcti@akkative

s connected to one |ongitudinal direction end

AR Ok W, FGRe Bkulkh®e filth Blat iRAG Ly s s Rhet Biled leads
forned on the end portion upper face of the second

69
ﬁgﬁﬁﬂiggkhéﬁ%ge£p@- cted to the other |ongitudina
irecti

ction end portion |ower face of the first |ead

Ther : [ : i
AR orlly B Rkl B t BAOEAGs TPl dxeAf
[@gygrs an ?%re%imfngs, wﬁﬁc ar e conne%tedsﬁn S ﬁ?%s
e%%%ﬁhﬁgﬁ‘atit qu‘i QABLE ﬂfa@ﬁ'le%asﬁic 5a|B§ciﬁxH&r ﬁe@&eén%ﬁﬁﬂi}?‘”@éﬁcaﬂy
etween “mut ual | y
adjacent leads satisfies the condition of being larger than the parasitic capacitance
between mutually adjacent leads in the same lead layer, and also that the mutvally
adjacent leads in the same lead layer are proximally disposed. Thereby, it is possible to
make the mutual inductance between mutually adjacent leads in the same lead layer
larger; and the surface area efficiency of the inductor element can be improved. Further,

the surface area that the inductor element occupies can be reduced.

[0073] Further, for the inducior element according to this exemplary embodiment, it
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21 vertically adjacent |eads are the sane, is forned.
[ 0066] The i nductor elenent according to this
exenpl ary enbodi nent is forned such that the
inter-lead capacitance betwe&d nutually vertically
adj acent | eads of the |leads form ng the inductor
el enment is larger than the inter-lead capacitance
between nmutually 5 adjacent |eads in the sane | ead
is| fayasable that eadhdeadwfthie mdupler plemeat as sebsansially thecgrilie
to this exenplary enbodi nent has a configuration such
thidkaess. f dibexskprtbt 6ymabr gs ahelepinbef the deelpaclpmanicas be
bet ween | eads that are determned by a lead width w
maprdved. | ead spacing s of the first leads la and | b and
the second | eads 2a and 2b as in the schematic
[®78k s - sButtheamate, i thiv ¢empary gmdedinmenkiay of ahe yiay arsigrdpbically
capaci tances 1la and 1 | b between 10 rnutually
raperstitedbs singld jvaesehitt franatis aspectlofthyeedudhiam opte aed tepigtance and
capaci tances 10a and 10b between nutual |y adj acent
tHeealdbition of klecsamezrhtia itliamers 4v00HE] tiitdhésadisstheve, as an example,
el ement according to this exenplary enbodi mrent has a
a camff gugaticat formedviniemeltiplcpaesa@ndliieviza padivsaaieds lags. St tod?. In
bet ween nmutual |y adjacent |eads, not only for the
tHis spetificethds hbwirafigr, [td siapdify hetasexamdtipleats aancmidd 2absingle
but also simlarly for 15 other nutually adjacent
vlagads, have parasitic capacitances between nutually
vertically adjacent |eads that are |larger than the
[GEshsi t Herdistiphew o pancipelofparasiistcapddiynedpdietinh of the inductor
| eads in the same | ead | ayer. The capacitance between
eltettbddeyrdadlj @aBRtexkapRsy tibaligrar isldesribyd tchiztdieaith reference to
hei ght and the |l ead wdth of the inductor elenent,
ﬁkhﬁ@ﬁhggance bet ween adj acent |eads, and the
effective relative dielectric constant of the

[bovsyl at Fue 28 Qliswask ah eGuieXliett diRgithbiinge BT Auindatioy element

adjacentzTeads Therefore, in Fig. 4, the condition

aVdedifl i B RoRAMABhAL £t GaNSdliaPeRet Iieuang b 3 Fig. 26 supposes,
bet ween mutual 'y vertically adjacent |eads becone

a& BeGRMuct Rt R aBRdBL td The BRAMGIHARGRS ad Qduabeleldient having two
bet ween nutual |y adjacent leads in the sane | ead

Wik sidgSa Wﬁg&ﬂ@é@ Hoh if edRihleht BRlcame. [10681ds of the inductor
[ Formula
element illustrated in Fig. 26 are represented in the equivalent circuit illustrated in Fig. 26
as a structure in which a resistance R; and an inductance L; corresponding to an outer
circumference of an upper layer lead, a resistance R and an inductance L, corresponding
to an inner circumference of the upper layer lead, a resistance R; and an inductance L3
corresponding to an inner circumference of a lower layer lead, and a resistance R4 and an
inductance L4 corresponding to an outer circumference of the lower layer lead are
connected. Further, in Fig. 26, for the parasitic capacitances existing between the
respectively subdivided leads, C, 1s a parasitic capacitance corresponding to the
capacitance vertically between leads of the outer circumference, C; is a parasitic

capacitance corresponding to the capacitance vertically between leads of the inner

circumference, Cs is a parasitic capacitance corresponding to a mutually adjacent
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22 between the first |lead |layer 101 and the second
| ead layer 102; h is the thickness of the insulative
filmof the same; wis the lead wdth of the first
lead la, the first lead | b, 2Re second | ead 2a, and
the second lead 2b; t is the |ead height of the sane;
62 is the relative dielectric constant of the
insulative filmexisting between the first lead |a o
inigndeachrappqitanee B the same lgad xyehfr iRsoppeh By e dishd Is@drgrasitic
2a and the second | ead 2b; and s is the |ead spacing
capeeijanen corrrsppndisg td amytially gdicent irfer-lcad ganagitange in the same lead
bet ween the second | ead 2a and second | ead 2b.
layeofpoiieHewemdysst or el enent illustrated in Fig. 4 has
a configuration that satisfies formula 1 recited
[WEdVe, Andrdimgrietiprmouliplddyast¢asistrtiuace! wirepfhemainsircam
parasitic capacitance of 10 the inductor el enent can
miatobived seedeor[docml frscdsrad prately Miustortedind'id. 4 extbesdse where
above, it is favorable that the lead wdth (w) of the
leadd havd 2l vadth nog l¢satipera fixeaietdieidils pdrassicgapacitegces betwegn
coiled lead. Also, it is favorable that the spacing
musjallpetsieelly adjhemt baid ad ldrgeotbad pivhmily aiacerit parasitie capacitances
| ead layer is equal to or larger than the spacing (h)
irt the aamelchd ¢ty Acjoadingty, theinhaemkithdaet]ation of fherparasitici @pacitances
favorable 15 that the effective relative dielectric
Ce,aIys Carind (Atof tlef equivenldnn sintrat ildustrdted m Fihal6 that is supposed and
insulatively separates nutually vertically adjacent
weitich ddwh éadae irgiuk@r gemehharotdiny ©fthe coivertiorel at carebe
di el ectric constant (62) of the insulative filmthat
rdpiguhial by SnmseD dedineis thé et wierd thd [daddeds a fxidthadt less than a
the sane |lead |layer. [0072]Additionally, for the
fikedlleed @nidtg] enent according to this exenplary 20
enbodinment, it is favorable that the parasitic
[GrF8RC it @k Pet ween nutual Iy vertically adjacent
| eads satisfies the condition of being |arger than
t hep gJ@;ﬁgtgﬁggpacitance bet ween nutual | y adj acent
| eads in the sane | ead | ayer, and also that the
[ooroyal | yn adlkpaeRts, Ceatise efuibensaivait liemerh d)efratad e Fig. 26 is
proxi mal |y di sposed. Thereby, it is possible to nmake
ﬂiehsrgﬁsttddﬁéciﬂaﬂ@;ctm@g Eg%ﬁw&@ﬁﬁdﬁbn@ﬁﬂﬁ@%ﬁcﬂaﬁ@@%
in the sane lead | ayer 25 larger; and the surface

rédr&an@h bl chaReYnahgtshes bhtheclirenit §hBPERAt can be
I mproved. Further, the surface area that the inductor

I e T S
a@c@l’cﬂﬁg iPRks exieinpiz%?’ embodiment illustrated in Fig. 6 supposes, as a solenoid
inductor structure having multiple winds similariy to Fig. 26, an inductor element having
two winds using a two layer lead, which is the simplest structure.  The leads of the
inductor element illustrated in Fig. 6 are represented in the equivalent circuit llustrated in
Fig. 6 as a structure in which the resistance R, and the inductance 1.; corresponding to an
outer circumference of the upper layer lead, the resistance R, and the inductance L4
corresponding to an outer circumference of the lower layer lead, the resistance R; and the

inductance Ls corresponding to an inner circumference of the iower iayer lead, and the

resistance R, and the inductance L corresponding to ar inner circumference of the upper
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is favorabl e that each | ead of the inductor el ement

has substantially the sane filmthickness. Thereby,

the synmetry as an el enent of the inductor el enent

can be inproved. [0074] Furthé&bnore, in this exenplary
enbodi nent, all of the vias are graphically 5

represented as single vias; but fromthe aspect of

the reduction of the via resistance and the o
lavahiend afeeanmsicted) e Eurtben. gy Bith 6ot the phrgsiie capgcieencs bristing
that these vias have, as an exanple, a configuration
betweme theatspattivelyp b i desl ieadd, Ci iaa pasdsitiscapptitanre eareagponding fo
in Figs. 5Ato D. In this specification, hereinafter,
fiieqrapaciiphderwertnai Ithieoweenreddsiof ke oniea siraurefanericat @lisaparasitic
single vias. 10 [0075] Herei nbel ow, the principle of
cpEcAmict carrcppading anthe capahitatéeovertadally betweagd Ueade of the inner

el enent according to this exenplary enbodi nent is
citesaictdned Gsnis d phmkitic wapdvitredeameng®niingtih e nortealiyragisacent
[0076] Fig. 26 illustrates an equivalent circuit
ntleralgsicheapatitaane inndio chme [eald dayen foralucappdt hyet, and Kg is a parasitic
conventional art disclosed in Patent Literatures Ito
capacttir@e cafbespundiag es a nivfudly ddeecititiucicad cepaeiremie in the same lead
according to the conventional art, an inductor

jBkefie e Ibawt lagett wo W nds using a two |ayer |ead,

which is the sinplest structure. The | eads of the

[o0BducCt O cedraiiignd thd muBipialager Rl fohghure6f @tfreently mainstream
represented in the equivalent circuit illustrated in
nithi@turiZ6d @&snidorfdubtde devieed 44 pibvicikiRilkuesated anEi@. Rlin @base where
an i nductance L1 corresponding to an outer

1l Teadids@aagen R flesd Mhadfked R¥EWidie ddrasRic'RBLGHARS defZen
and an inductance L2 corresponding 20 to an inner

sl AN RIANE 8djater: h@dY BRAEr depit@f nlv@@tly adjdcesi patRNk&apacitances
R3 and an i nductance L3 correspondlng to an inner

e tHeGHIRE B8 MRy Of A@cdr@ﬂ\gfy, tiRigriRadiclaldg oF thesdradid @Pacitances

R4 and an inductance corresponding to an outer

%@;ﬁ{d@lﬁi‘ i edzlﬁ@alé:ﬂ\@ﬁéuﬁ AURFratb@ AOF B! € P NNREHALd and

her, in Fig. for the parasitic capacitances

vﬁ‘ﬁeﬁtéo% HethWeRh R 1dnESR 8 € tHe \iBhoUREh \ddRd ab&RESg 10 this
i's a parasitic capacitance corresponding to the 25

eﬁaﬂ Gl RICRME dah BE H¥prBeLVWRER hBRMS 3 BhidwWIf BMERE where the lead
ci rcunfer ence, C2 is a par asi tic CapaCI t ance

995&&ﬁﬂ?gﬂhgghggayagdggﬁaﬁﬂg@nce vertically between

eads 0 e Inner circunference, C3 is a parasitic
Cltzﬂgﬁl gy esponding to a nutually adjacent 24
r-| cap C|tance in the sane |lead | ayer for the
uppg Igy%; gqg C4 is a parasitic capacitance
correspondi Y1 & a nutual Iy adjacent inter-|ead

[?@f}zc' t ?lgg%ﬁ %8%:%?68 e eﬁ?cﬁraieﬁty clu%l(aﬁeag%%)ﬁ/ éi}l%\ﬁ%{eg in Fig. 6 1s the
1%%&:[{ Eaﬁ’éﬁ(?an%f . CHI Pl%n B,l t¥le gﬂﬁﬁc{eer@mwn of the capacitances 1s represented

by corresponding sizes of the circuit symbois.

[0084] For the equivalent circuit diagram of the inductor element of the conventional
art illustrated in Fig. 26 and the equivalent circuit diagram of the inductor element
according to this exemplary embodiment illustrated in Fig. 6, the sizes of the parasitic
capacitances occurring between each lead are equivalent, but the connection positions in

the equivalent circuits are different. In the equivalent circuit of the inductor element of
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5 mniaturized sem conductor devices as previously
illustrated in Fig. 4, in the case where | eads have a
width not Iess than a fixed |ead width, parasitic

capaci tances between nutual | y2évertically adjacent

| eads are larger than nutual ly adjacent parasitic
capacitances in the sane |ead |ayer. Accordingly, the
magni tude rel ation of the parasitic capacitances C,
tiE2con@3ntioaaldirCas itibxsitatet mdlig. 24, ¢mt mostdomittant paramstic etpaditance C; is
in Fig. 26 that is supposed and 10 witten down for

pldeed betduedt the iebie red theamtmrt dif tg hdudtdreelanemevitiicamdabe equivalent
art can be represented by fornula 2 below in the case
cwheit diaplae dfahel iddastoaclmdhhamotdihesshiskasmpltafyi sostebdiment as
width. [0078] [Formula 2] > C >> C C4 15 [0079]In

ihdraed WOFS 6, 164 nafst ddminagiuparaditntapatitadot C; Bipkgedfretween
illustrated in Fig. 26 is the |largest capacitance. In
ifte@ned2fc pdihe ofaighichdids theinpi eAndb! dtdehe Adaabt dooest.

IS represented by corresponding sizes of the circuit
[6808%Y0| S Held) @&OhePnitide relbhi@t ohds dapachances8i,\3| €Ntand C, has the
circuit diagram of the inductor el ement according to

réiaiicn R¥LERIET vy firhetlis TamE 3 debitsd atakvethnk Ahdrétd:, C6 and C, are
supposes, as a sol enoid 20 inductor structure having
sUEfcidnBl; 8ml! Bl SorfibdAsoatd ¥, hed fHetefordGire ARole @t fBfther, by ignoting
el enent having two wi nds using a two layer |ead,

Wl @ hs TbSink REaBEBRESY, tBE balalAlbs: cirbhR of BRasdvefor bignent of the
i nductor element illustrated in Fig. 6 are

chERNBSRN LR Hhfratd¥ein 4 D6 B hhe £ hd Tibitatdd thWsd. nat edihilarty, the
Fig. 6 as a structure in which the resistance Rl and
bR aleROYCLA KSR rdth of A IRSRANMI et Qc@RdiAN kPHhis exemplary

circunference of the upper |ayer Iead,_fhe resi stance
eRthoAfknt NEistrdY Gt ﬁ%-cg|bl?&)“¥é| e%quﬁﬁllsd%éiﬂﬂff 7L0 an outer

circunterence of the lower |ayer |ead, the resistance

[@@nd thanhadiet @mgl iﬁ’?fdict}&é ﬁﬁiﬂ@t{&g LRGeADr L ddMIBAtional art, the

unf erence of the 'l ower |ayer |ead, and the

h&S HohARAE sk alibfick ?‘f't'%ﬁ}fél%&ieoe%e&%é KpRond i t Qerminals

i
an I nner circunference o upper 25 layer le %

i iﬁ@ﬁh@&%&ﬂem.’: u bﬁlllﬁé thisphﬁdg GrostQLd ﬁl@vp@'ﬁﬁ%h& biRinctor
capaci t ances exl st ng Bet ween ﬁe TESDECt ivel Yy
i . D |t e N
TR YeclBlns, BAS olotooldly ST e FRRATHEARN Barasiic
I £t . . . o
SR80 ST LR o RS B P v
eYe%]ietnlt k LM&E Y%Hl@ldﬁ?éj%dlg{s 0%'%1?6 1REr tt'i_’ input terminal of the inductor
circu ere_nce, 'S a parasi t! C capa_czletaﬁce
et 3P {ﬁg Iuycglcttc{% Feribt U a’#’ilzé%a@}ﬁjtﬁlec ﬁlﬁ?%?rn%iﬁﬂeénb gl«gtgorrding to this

capacrance T e Safe ayer
. A . .
gl AR eR PaR P SRRRE RERIE ARMGERRI0 s

bségvne%nlleea 9 ﬁ.lo?r}/&lre i{lpol.{t a;tng %utlp%%l\ﬁa%n&n%ys? hid thereby reduces the apparent

capacitance between the input and the output, i.e., of the entire inductor element.

0087} In Fig. 8, the broken hine represents the frequency dependence of the
mductance between the input and the output of the inductor element of the conventional
art; and the solid line represents the frequency dependence of the mductance between the
input and the output of the inductor element according to this exemplary embodiment.

Fig. 8 is obtained by assuming that the resistances R; + Ry + R + Ry = 70 £, the
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[ 0081] According to the multiple layer |ead structure

of currently mainstream 10 m ni aturi zed sem conduct or
devices as previously illustrated in Fig. 4, in the

case where the lead has a w dt’h not |ess than a fixed

| ead wi dth, parasitic capacitances between nutually
vertically adjacent |eads are |larger than nutually

adj acent parasitic capacitances in the sane |ead
indugencesAcciol.oi hghyL. <t haHyagdhitewdpaditehartC.on 1 OfF fonghe circuit
parasitic capacitances Cl, C2, C3, and &4 of the
cefptantabeRip. Z1; aodiby assuimisg that td resistiiogs R6+tRaat358 and R; + R; =
supposed and 15 witten down for the inductor el enent

365, tieend@mmcendue Lo Ideueaddgeor g g i ahb ite capacitance C; = 10
exenpl ary enbodi nent can be represented by fornmula 3

P ebrane ticdih@nease offigr. §. t e ilisachiddas Fa. 8 i Hrenodncl @ssvhich the
than a fixed |l ead width. [0082][Formula 3] > C2 >> Cs
ifdhc2fict OABSAraptdt Mefeavericl diffcedntdbr thé eirabiillusitassat in Fig. 27 and the
circuit diagramillustrated in Fig. 6 is the | argest
chrapadivsanein FiB. Fi gAs the fidt@ehBdidcbaidehizi] bt eatmethort itevhich the
capaci tances i s represented by correspondi ng sizes of
agﬁﬁe&t' ih&bbtdncs ¥aRe kbrupti O B84rray tatdh ¢s ReHlicatal BN reSonmbe t

I agram of the inductor elenent of the conventiona

pkhorhéronshue & fadific FifhcitafReaBhpbikit giid ¥ Blopbt fréjueits 4t which
di agram of the inductor elenent 25 according to this
tRXGHRkak YndaBhRd VIRR bdcbnd$ {48 RdichRds Eishalierbppif: parasitic

Ssi zes of the parasitic capacitances occurring between

cEpfiah @At nRES (BRI Hi.p\ﬁ@blﬁﬂ%he oRBfut.t hEs BREMASH IndMg. 8, the frequency at

positions in the equivalent circuits are different.

wiictt ﬁ:@oﬁ% ¥adufMor flef &fdivald: cirb@t TRSREL PR 18 en® Mégh@f‘ than that of
26 the 2

conventional art as illustrated in Fig. ,

ﬂ%g]e - R0 A00LNERL-RBE ASFl 87 CRARAGILLIANGSs HovkSthiX tBC&hfiguration

en the I nput and the output of “the inductor

of Itl’f‘erﬁﬁﬁgétox"@l&h tiafcdrlif G Wi¥ _@J{%ﬁ}%laﬁi dnfdlatm&: 3880 8¢ contribution

the inductor elenment accordin o“this exenplary

OE%E?QEM%% éﬁ{)édi‘@h&@t ¢, 1R e. Cifleﬁheréiﬁ@b{)@@ Sthe inductor element

nant parasitic capacitan I's placed between 5

S B O B b o
improves high frequency characteristics.

[0088] For the inducior element of this exemplary embodiment, as iliustrated in Fag.
1, the second draw out lead 9 for connecting the inductor element to an external element
is formed in a different lead layer than the first lead layer 101 in which the first lead of the
inductor element is formed, the second lead layer 102 in which the second lead is formed,
the third lead layer 103 in which the third lead is formed, and the fourth lead layer 104 m
which the fourth lead is formed; and therefore, it is not necessary to respectively form
each lead of the inductor element to avoid the second draw out lead 9; and the degree of
freedom of the layout of the leads is high.  Thereby, it is possible to dispose Jeads of the
inductor element proximal to each other; and the mutual inductance of leads adjacent to

each other can be made large; and therefore, it is possible to make the inductance value

large.



[ 0085] Here, the nmgnitude relation of the
capacitances Cl, C2, C3, and C4 has the rel ation
represented by forrmulas 2 and 3 recited above; and
t hereby, C3 and C4 are suffi@?ently small in
conparison to Cl and therefore are ignored; and
further, by ignoring Gy also as being snaller t han
the_equivalent circuit of the,induct el enment

Cl
(90881 10 Eombita B%raqﬂtlapapamtﬁ%tﬁoa% TR hergecnibe Sond braw out

becomes as illustrated_ in larly, the

leadyQiapd therirstdpadsigithe Eﬂ“ﬁ@flﬁ%ﬁ s fq’feragk&a ippsetbe ﬁ‘é“rﬁ’[ﬂd draw out
according to this exenplary enbodj nment |IIustrate

lopd § rergovse drsme theafarst lepd yy the fegth Igadsipyt the disppeiien pan
illustrated in Fig. 27, for the inductor el ement of

deterenineshasett pweRINDeRents SuRk ans POBEAT AhhE cpisFa plement connected
capacitance C is placed between the input and out

5 torthe mdnamselmemfcomﬁmed@a@qrémgé@ Mﬁcnpeentaheve@ﬁﬂ?ew fon of the

10
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20

25

hand, as illustrated in Fi 7, for the inductor
leall éayenin vehicor dommgction teﬁmagsaéﬁp FBRTARAIBBEN RXAS, deHEn

most dom nant parasitic capacitance Cl is placed not
cimstraencdnisgaintymiithaiedd bayersuthatican it petds anst the fike.

i nduct or el ement, but between internediate points of

[Q098] | eadscapfling e thermmﬁ(’u@tlﬁn Hiistreipd thibis exg@mptasy embodiment, the
el ement and the inductor el enment. Thereby, the _
dégrersif Grecdine vBtite moitiondt Miidhdhe Aiay @0 leeﬁ@iﬁﬁmngluctor element is
enbodi nent nekes distal the dominant parasitic
fampd & ihpnovedoc Eor examgpibeh tieesast whers the mmbdief wipdstof the

and output term nals, and thereby reduces the

irdjppar elomentdp an btvanmenbes betbof thealrim puttlezalsdonhesting to the inductor
output, i.e., of the entire inductor elenent.

ele{a8i7dah e FognedSat pokidiobs akmactingrie aiegdrad sembmpet kayer or the layer
frequency dependence of the inductance between the

btloptihe mddctbheemighp utOmthetolieer ihaetl ¢t the cedeewipart thef nunkber of winds
conventional 75 art; and the solid line represents

of he ifidietn eReent ependignaentef, dreef rduaw ancleadmtfitbemductor

the input and the output of the inductor el enent

cRERAT €ing fhanddits skl tacymerbidinnentppeFiayer, @nd the other can be
obt ai ned by assuming that the resistances Rl+ R2 + R3
forni3d aFa pOsiSdn tol diemedt Frompehedbanciegerl 1 + L2 4- L3 L4 =

3 nH, and the capacitance Cl= 10 if for the circuit

[6BN$t antrhisikemmintiry 2rbodiftnb)as ASStERD (h Filgai illgrates an example in
resistances Rl1+ R =35 SI and R2 R3 35n, the

wHIIUGE RGBS dflvihdd-4f fie bolendsiklshand 1111(21(:’(0'1: Bicweht & thtde; and
and the capacitance Cl= 10 IF for the circuit

115RE8#2 RS0 Bhe Bl ot 1es (tHel Sdedridadrad olinekd @) isGormidder a position to
frequency at which the 5 inductance val ue abruptly

cb]!ikfe"c%%ﬁsms% 1e§ﬁf1fa%ﬁ-e§pofnafnettb EheQippEihdst ialybishd 8 ®8 tdals of the
Fig. 27 and the circuit illustrated in Fig. 7. As the

B ERE¥NLGEE 'ﬂi?esothélgﬂ‘aw%u@ RapoEN@Rated ML ADL Rformed by
apparent I nduct ance val ue abruptly beconesi7arge S

ei(ﬁl g{tﬁé Bic¥od iesRRIBGAT RREROHRARM i@étl‘?(tﬁ@fourth lead 4b),
aS| I c capaci tance conponents; and a higher

%e @%Bﬁ&ﬁy 1@t Wil BayaPRAE @f‘ﬁhe AN 6F RBGRINA) YRment, to the

cones Targe indicates a smaller apparent parasitic
outer side.

[0092] Next, operations of the inductor element according to this exemplary
embodiment having a configuration according to the description above are described.

For the inductor element according to this exemplary embodiment, the parasitic
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10 capacitance between the input and the output. As
illustrated in Fig. 8, the frequency at which

resonance occurs for the equivalent circuit

illustrated in Fig. 7 is higB& than that of the

equi valent circuit illustrated in Fig. 27; and

thereby, it is shown that the configuration of the

i nductor el ement according to this exenplary .
capabitrgicerbeiverr tvteslytvericalin adinpant legds srlaggpihre fe parasitic
parasitic capacitance. By the principle hereinabove
capheitinael betwsen eluswbiyadipsenidenss in thy semedenddaeramd thrgfore, a
enbodi nent reduces the apparent parasitic capacitance
regnctiqomffeotelsthi patasitic saprenance st sheintheqtorsti¢raent can be obtained.

[ 0088] For the inductor element of this exenplary
Adwbadhisgime, bapréxinaly dispesing muttialfy adjacenh écadetidfie sathalpad layer,
out lead 9 for connecting the inductor elenment to an
itéxpassibiel toehakeshe miusual mdretdngeniavgedietwaenemituglbaadjdcayideads in the
than the first lead layer 101 in which the first |ead
savbe lehdla2er; ithecncfaoe arh effierdncy of therinduttortahament cambk imerrdved; and
| ayer 102 in which the second lead is formed, the
tehsinrfacd edthihothe ind@Briclenwint céruphes cainbe thdhesld iFurther, in the case
formed, and the fourth |lead |layer 104 in which the
whegreath lead df e thdumedienaemd 14 foened Grigmveithe samerfdm thickness, the
necessary to respectively formeach | ead of the

syIhGiueY as aretlenent aliocaveiithprhedsecond draw out | ead 9;

and the degree of freedomof the |ayout of the |eads

[6083hi ghin thives@mplary mbsdipassitht elementhfsixoked isamt partitularly
the 25 inductor el enent proximl to each other; and
lithedaHduhd ldad due banemed by nsidadsopptiraekioh is otyprahiead taterial, or
can be made large; and therefore, it is possible to
afrBiey hfvend aushpet M&aﬁﬁ&ioﬂ%oh&ﬁ@& by @find £088hd suethadaltiminum,
a parasitic capacitance fromform ng between the
oORIC ARG, b AV 10k, of eaal1d; idRthd Meinfdohflonteathetedft Hehe effects
fourth lead, it is favorable to di spose the second

ol B tihik @RS PlaFESRVREMERQRR hbEpaiidubdrly @alled By thbeead material.
fourth |l ead; but the disposition can be determn ned

[paagd o %d@lﬁmh@ﬂ?,rﬁlé 18l efhtafal bPtheABGickdr@enint (2@ be any material
external elenent connected 5 to the inductor element

he PRl ERUEREl AREREEHAY ahPmbBe d88EHIrE bPAnabaNel néiterial such as,
position of the lead layer in which a connection

SRR 2 elliAIR aCXdrBE N @indaLBFBAMNInE X Ufthfeter € §Ev@Fal nm to several
constraints, constraints of the lead |layers that can

88 o?ﬁﬁadandag%ﬁertah?lr!:ﬂ.ei‘rgd td AAARGLRIEBS, Bildleh esheaves) thereof, and

configuration iflustrated in this exenplary

di ?ﬁg{hgr Wagad il S&pMry ehtRd AR RS AR QRlchbRAReRk

- ic
i ch raw out | ead of "the inductor elenent is 10

P dﬂ?&g%%mlr g lg@ﬁ £4aARERre shok P&ﬁ@ﬁﬁﬁy YHEEE by the Jead
W nds o

€ nunber o the i nductor elenment 1s an

ﬁ&ﬂﬂ Qgrg?}%g}rre ﬁ&ga&fenéeh ﬁlage[r@"c&ﬁbél ,%&d,%f%ﬁ%ﬁ:iﬁﬂr&lﬁdmg the

eiln el ement can be formed at positions
negty : .
SPIGFNIN ¢ Sph el AL B Bt Aol et
035 DS ST Bl O BRI iy ool

e%fbotdﬂgenit Egﬁjﬁé Qitized without being particularly limited to 2 material of a

semiconductor device, except that a material having an electrical conductivity Is
necessary.

[0095] Next, a method for manufacturing the inductor element according to this



15 el ement can be fornmed at a position to connect
fromthe upper |layer, and the other can be forned at
a position to connect fromthe | ower |ayer.
[0091] This exenplary enbodi n&¥t, as illustrated in
Fig. 1, illustrates an exanple in which the nunber of
w nds of the sol enoid shaped i nductor elenent is
three; and therefore, one of the draw out |eads (the
esaapiag cntadirertt i @adnigf)d i SHedndmetbraiensenpacsiordingita chlmemplaw
connect to the first lead |la corresponding to the
emppéinrams hasl isyoharablesstiafin thvesttustigs obthe iiglacion digotent formed by the
el ement; and the other draw out |ead, as illustrated
Idats;Feing .theiréiorei, thefoaramd Huyitaions dardal @rotmdxamn@ismc@ue to the
circunferential |lead of a fourth lead (the fourth
fhreeiod bsthlftiesipaddi g otter tluedd, ovhe proestnt liaweation,ghel effects of
of the | eads of the inductor elenent, to the outer

5 tisd stesen? ivERQAaNGX obtabyrelrtat the sgsuafiret Hmsirated ot the exemplary
el ement according to this exenplary enbodi ment havi ng
ciibbitdngLefahd prasas anediittg ahd thdorteatsar methodof thb daels may be any
are described. For the inductor element according to
nidih@d. exenpl ary enbodi nent, the parasitic 29
capaci tance between nutual ly vertically adjacent
[b@Rs | Hdreihggow! Ram dxampiasiaie tiethoddpanihdntering the inductor
bet ween nmutual |y adjacent |eads in the sanme |ead

ol AR acdffing hehpfQeRplady ERBUGINDN aahimedcneingtridhod by a
parasitic capacitance of the i nductor el enent can be

10 d@ﬂfa@deﬂ@ trocfsTRrredly Witiedy {nl pRctiddy ufi9¥esdHEbedy g PR Shich
nmut ual | y adj acent |eads in the sane | ead Iayer 5it

il18stRARS ThBhb @ Forak it M%t e lindudehd elealdaeadcafdd®: to this exemplary
bet ween nmutual |y adjacent Teads in the sane | ead

chb8merk] rlﬁu%ésaaqga@f&ﬁaﬁ@;ﬁ R Gy 20fo-dalled 843E4keER process that
el enent can be inproved; and the Surface area that

o TeBAURL LK) BARILs RGMURLASHRAMO& AR semiconductor

Further in the case where each | ead of t he i nductor

sﬁ Sl tﬁﬂﬁrfb i pEfedit Quclfl?ééecongr B8 Be bidofR poHtibK)AAS then

e symetty as an el ement al so can be i nproved. 10

15 ﬂeﬁfggﬁinggi i {lefin Xﬁiﬂ%! 1y Tng?ip adh nﬁmtchlﬁ@ﬁo e8 PRt arfdf the like used in

'S no particu 'imted; the | ead

f‘ri@gcélﬁgn Eé%ﬁH&gv}’ ¥ dﬁgrrai%&gﬁ rocalfhe |110’c ﬁalﬁcﬂéﬂ’j} fRkirated.

material; avi ng copper as a main

[6 onentc, Gh ﬁ@’cagimﬁread"leﬁcli ﬁ{ﬁﬁfact%%ahbyaasdﬁilléé&ﬂ%%wss 18

, S|Iver or t , or an all oy havi ng mai'n

ex e rrp %ﬁertrgg%é ngcé;géétr %%rgt?ﬂi %ﬁgﬁ?&? > 3%}’ cases, the lead
e r I%aﬁ%'un%} |v§i!11(‘:h gﬁ gl%e[t&qgﬁhé? H‘l’[& {r_}:l%gﬁ% Ve tﬁlﬂﬁ é_’[ﬁﬁg ﬁrevent

nductor e any nateri
20 diffusion of the lead material into the insulative fiim, a layer generally referred to as

barrier metal is formed in which, for example, a refractory metal such as titanium,
tantalum, or the like, or a nitride thereof, or further, a laminate structural body, eic.,
thereof are formed on the bottom and side walls of the lead; but these do not exert a large
effect on the structure of the inductor element according to this exemplary embodiment,
25 and therefore are not particularly iliustrated. Further, the barrier metal formed prior to
the filling step of the metal, which is the lead material, also is not particularly illustrated.

Additionally, a semiconductor substrate and semiconductor elements such as transistors



having el ectrical conductivity; and may be configured

by a non-netal nmaterial such as, for exanple, a
cylindrical carbon conductor having a dianeter of

several rimto several tens &fl nmand generally

referred to as a carbon nanotube, bundl es (sheaves)
thereof, and the like. In other words, this exenplary
embodi ment utilizes an electronagnetlc 20 phenonenon
farmed ool seicdndudtensibstraiedwhich ned pasisiongd figther downward in the
particularly limted by the |ead material and the
insniasen il doseeicBysumeder i al constant, etc., of

substances surroundi ng the | eads; and by the |ead

[G0O8YCt uMporebves ldesestena prdviess leadfophatiop mathods mehids a kashod
effects thereof can be obtained. Al so, the materia
raférréchie dsncinglodansisementroafss that rex drpbaisyand Mipodasdon mutually
can be utilized without being particularly limted to
conmeatisy icads thit are Rbmsedmn didfedert ropedive ilaers texaedpothehatseparate
a material having an electrical conductivity is
staes; @88 amyethdd0Rokdlex hs adustdaodsdene proeexsfiba tsimaltrgedusy forms
i nductor elenment according to this 30 exenplary

- lanbad wenpositondé SCthe betr bIlvey thathads; dut eitterdamascene process may

10

15a§

20

according to this exenplary enbodi nent has its

be heddastted mSthbe Sorl Mardufigsisting i uidictt elehent aduating to this

el enent formed by the | eads; and therefore, there are
eXémpliaRi dndiod@nsnt t heheaictHaddor shanfacteng Skiicduothreldngent according
the formation nmethod of the |eads. In other words, in

1d 1hes PlefHRRY chBYERehDiesctibel Rirtiabéiowdfiusratdie ipadedanition method
i nventi on can be obtained by the structures

by bl dest dtRekneHrddegs. exenpl ary embodi nents of the
present invention; and the formation nethod of the

[6@BYS MBYsD8s AVirdTed Rodhe. HA0RBINkRABINIB] PMeorfSp@iing to a layer
exanple of the nethod for nanufacturlng t he i nductor

H’% RadPeLHIHYEh 4 R 1Syee XRURLM Hine T aehdtRBd on 8 semiconductor
nuf acturing nethod by a 10 danascene process

sﬁ%‘t{a?crthbb’ﬂm&tﬁ@é&} 14 MepREREL b kndkeRinsSaf@SHInh RRthatibh fhethod such
9, which illustrates the nethod for manufacturing the

LA v ?bﬁi@ﬂ&m@ﬁ %réf)bﬁgaﬁo% thith&d, 8X RN Mep 1) The insulative
I men lustrates a | ead formation method by a

fﬁﬂ qug L& thsJRNBS RRN EnP LORERR, fob 8kankfle, 1B I 8RGS s as silicon, oxygen,

naklng grooves in an insulative film deposited on a

SO NAGHO catidRSLikBEER, drithd HIRY 2l ﬁ@&x@dteﬁdl bmh%liﬁihla%ﬁfe fiim 11

er into the grooveé portions, and then

02?{1%1 %éﬁlﬁ %nfboﬁ]?rﬁgﬁﬂn b bt é&?%ﬁﬁﬁﬁf&t&??ﬁ {d ﬁlﬁibitasﬁe parasitic

I ng s pper e use

c%ﬁz{%ﬁthﬁ&tﬂe% e‘hq%ﬁ@ g]h? 9Ye Qﬁn&gﬁeaﬁﬁg%ﬁﬁﬂga&{aﬁg@ﬁéw@éﬁhe leads and

artlcu ustrate I'n the case

;ﬁd;l%oﬁg&t{gesagstﬁ%@ %@%Maﬁ BYat eqéﬂaée%@gc@fc%meome

er ofr an a avi ng copper as

JI%Stuﬁqun %nm L1 15] \Aﬁ’t&ﬂﬁr i r&ﬂﬁv# &?{g %@%oﬁstéxrﬁ %@ a silicon oxidation

ructure In

illon \}&J’hl%]t’l LlSV .Z.f ! %l{ﬂh qg ntlkﬂbﬂ LV §hiended parasitic capacﬂance between leads,

it is more favorable that the insulative film 11 has minute voids having a diameter of not

more than 3 nm in the interior of the insulative film 11.  According to the fabrication
method of the insulative film 11, the insulative film 11 may have a laminate structure of
two or more types of insulative films having mutually different compositions.

[0100] Subsequently, in a step that laminates the lead layers, in the case where the
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20 diffusion of the |lead material into the insulative
film a layer generally referred to as barrier netal
is formed in which, for exanple, a refractory netal
such as titanium tantalum &2 the like, or a nitride
thereof, or further, a lamnate structural body,
etc. thereof are forned on the bottom and side walls
of the | ead; but these do not exert a large effect on
leathformed diectbvcbadew threinpdizetiaim &1 BraoRperaE @b pdehbavRg copper as a
this exenplary enbodi nent, 25 and therefore are not
mpiarqoimpebertt i i mpresfevereklg thatc the Imeylatiyehin bt sy lnmgngfe structure
formed prior to the filling step of the nmetal, which
of igsilatevel fmd contpiringit least siicomsantbearpen aniddaviaglaeopper diffusion
illustrated. Additionally, a sem conductor substrate
regisnseariddondettteofilne] thardaysmensh vaisist r Bhesehyt Bagposgible to prevent
fornmed on the sem conductor substrate, which are
the disfifisicongctobpertinter the ovigrioa o theringiatienfSlol B ineeeass thyyreliability of
are not illustrated. [0098] Moreover, damascene
thesenessdictadichmenatd inhibiteh hodsasernd untéendedrparhratic capacitance.
referred to as a single damascene process that forms
[a1b&] | eaNsxtaadiliukieated asFif.oiB . ralead gtopvs paienn EL tsi fagned for forming
| eads that are forned in different respective |ayers
tizdeaeladh and Herfoi axaepartgtagpaticapsg nettebdaypibediodphotolithography
referred to as a dual danmascene process that
asd afibtienkausttiod omified wadsctardtakiias opdsiitsubued film 1 Hstep 2).
| ayer bel ow the | eads; but either damascene process
Thayathen sigpd ofithetlbai grebhoshticar 1 rinufeahpulimrsfjapehia this exemplary
i nductor element according to this exenplary
cRBREsieAE bl mANBe f@bradicf exarapinHsant dttigngn! shepel asiibstantially
el ement according 10 to this exenplary enbodi nent
rél@8 Gk éd@a oheoahinbebend thlisker attesnakel teagrfacs amh kie# the inductor
net hod by a dual damascene process. [0099] First, as
elehlebiSddapiedsiiidri grecBhguiansiaps whel avmBatfilthsated in Fig. 3 is favorable.
corresponding to a layer formng | eads 4a and 4b on a
TheWeihe banRNeddsdbad patent 11 MalGade posidtvdihos @ner diameter, an
sem conduct or substrate (not illustrated) is

ifenesd %p@ge Byman e @pvindisatdatht ViRe fid: Bl Qetfimine0 By Mt f2goired
such 15 as chem cal vapor deposition, an application

phEsARdee OF the MRaliy KBtalrel eRiubior cldh@entNedltiRdsk Wendnislofs 4k
|s an insulative filmthat contains, for exanpl e, an

d8kRIRAY b HEtiRSit HebishQ b t&@éﬁﬁ@on&%ﬁﬁ agets,  Hoiarenas described
carbon, nitrogen, or the |like; and the materi al of

abf\R, 4 ﬁﬁfﬂaﬁ&f} Vﬁlécbésﬂiyls]dcl?{ha% Hﬂe%aﬁéﬁﬁﬁb@ﬁéﬁw@émgﬂﬂuﬂﬁﬁ%mcaﬂy

I's not in particular limted; but to inhibit the

g%&% iealiC1sQaRaCHLA @Eeeca Sélﬁéﬁgé‘bét%gﬁ mRASY RE azent leads in the same
ni ntended parasitic capacitance between the | eads

léﬁ p sem conductor substrate, it is favorable that
erelative dielectric constant of the insulative

[@c)l'dZ?t 11Ne§ ROt LR JLD ?[} bhe, gf‘ét%_tqh‘ﬁel 3ds ﬁﬁﬁgﬁéd l‘)y a method such

con ant o a silicon oxidati m whi ¢

o cthgmk)&? V\géedﬁ cﬁ%ﬁ@s J.Hﬂx' ?Ia ghdest tH@fl?éfr&h%b?Vf: the leiad groove

paC| Fnce i S nore favorab

ve film1l has mnute voids having a
P‘%%ﬁé?z&5§§ ‘'not nmore than 3 rimin the interior of

PRI [ B e
11
R éﬂe?ﬁd#?ﬁ‘%@?ﬁ P AL D
poﬁgmﬁ)ﬂs Ia:tmlﬂ ASfourth leads 4a and 4b are obtained (step 4). The schematic

cross-sectional view illustrated in Fig. 9D is a cross-sectional view along line A-A of Fig.
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[ 0100] Subsequently, in a step that [am nates the | ead
| ayers, in the case where the 32 |ead forned
directly below the insulative film11l is copper or an
al l oy having copper as a naiﬁJConponent, it is nore
favorable that the insulative film11l has a |am nate
structure of insulative filnms containing at | east
ilicon and carbon and having a copper diffusion

esi stance and insulative filns that have mnute

voi ds. Thereby, it js possible.to prevent.5 the
[09PFF usi Dxiors Lupsd initis: Sheimiardp fsriogpatiopaneinod of the fourth
insulative film211l, increase .the reliabiljty of th
g oo 861V b A0 PGS S o PBerd SGete formed by a
uni nt ended parasitic_capacitance. [0101] Next, as ..  _. i
damasgene Epesds (Sep)g. TopSchemalis grege SeRonpatew ipsatet én Fig. 9F is
formed for forming the |leads 4a and 4b, for_exanpl e,
a BRPSHSTHORE Vi halopB iR 4 -y PitiE 8§ byl hsibirdead F\%@ngglﬁ;fouﬂh lead
and a fabrication nethod typified by reactive etching
4apreelestricaly centegiedfin perics Dy (the g 09) the fouthrlgadydn angrthe third lead
shape of the |ead groove pattern 12 is a rectangul ar _
3k angyebecimicalllijcanneptedph serjesdtibelvisgids andsihe forth Ipad 4b and the third
formed, for exanple, as an octagonal shape, a
legd; Be aeered scatically conwrstashiapedesgyl g st shape, and the
l'i ke. To make the surface area that the inductor i
[(B0&hent Noxt apillastandin Be, 9% siedardn i larmafivapectbek¢f the third
that illustrated in Fig. 3 is favorable. The shape of
lenthe3d, hdangr Isomd thavieeds cH2ankgi, haweasHbl 6adndvbiapg thgpecond
i nner dianeter, an 15 inter-lead space, a nunber of
leailn?ts 2baand Ackeee farked toralamaseend prasess (tep 6by THeechematic
required performance of the finally obtained inductor
cebeseivnal anov lhegated imEigs PIo msa aoes-shetienalivisechldng fifeeA-A of Fig.
circuit designer of the sem conductor device.
3BoweHe thirddsadiBsard the decabd ead 2a droclowtticadly dosnendclaissanys by the
such that the capacitance between nutually vertically
vadjpaderthird &adSbiaad lther geond leah 2b he dapacily amrectsd tnveares by the
nmut ual |y adj acent |eads in the sane 20 | ead | ayer.
viaGek) 2 dN\éx tthirdkkad Bt wsd thatsecbridriedd 2y, ar® Electaicatbt @inmédtbdrin series by
13 is deposited by a nmethod such as sputtering,
fighéabkal vapor deposition, plating, or the like from
above the | ead groove pattern 12 (step 3).
[A108D3] Nevekt, amdivstrhtes it Bice 8Gi sinfagto ADforexdes sethod of the second
portions of the deposited netal film 13
leads 2a, 2b, and 2¢ and the vias 6b, 6¢e, and 6h, the vias 6a, 6f, and 6¢g and the first leads

la and 1b are formed by a damascene process (step 7). The schematic cross-sectional
view illustrated in Fig. 9G is a cross-sectional view along line A-A of Fig. 3A.  The
second lead 2a and the first lead 1a are electrically connected in series by the via 6a; the
second lead 2b and the first lead 1b are electrically connected in series by the via 6f; and
the first lead 1b and the second lead 2¢ are electrically connected in series by the via 6g.
[0107] Next, as illustrated in Fig. 9H, the first draw out iead 8 and the via 7a that
connects the first draw out lead 8 and the first lead 1a are formed by a damascene process;
and similarly, the second draw out lead 9 and the via 7b that connects the second draw out

lead 9 and the first draw out lead 8 are formed by a damascene process (step 8).



25 are renoved by a flattening nmethod typified by,
for exanple, chem cal nechani cal polishing; and the
fourth |l eads 4a and 4b are obtained (step 4). The
schematic cross-sectional viéd illustrated in Fig. 9D
IS a cross-sectional view along line A-A of Fig. 33
3D. [0104] Next, as illustrated in Fig. 9E, simlar to
the formation nmethod of the fourth | eads 4a and 4b,
[Q108] vi aBy 6, memifactndngmethod herpanabpye, the @dwos%lem@ﬁ according to
and 3c are forned by a danascene process (step _ )
ththexepgtiemambodiorans i-ahsainédon diy the evurior glsmeat 61@8 p ed, the chip
~ Fig. 9E is 5 a cross-sectional view along line A-A of
siEfage aB@.ca heraduced ahé ad iBsezandl wHetchdndriarpsiteaehpaciianess can be
electrically connected in series by the via 6c¢; the
irfhdhitetth | ead 4a and the third |l ead 3b are electrically
connected in series by the via 6d; and the fourth
5 {0108 Ablrathi dxkmplary echbbéiatn8a salepoid|shapadi ipduidigr clement having a
connected in series by the via 6i. [0105] Next, as
strbdts toff ateial dfifol Igyer® b lesdinwhsadestribetilee afi grampleomt 1s not limited
nmet hod of the third 10 | eads 3a, 3b, and 3c and the
therdts; €nd thbshmisendf Gyerst dfdeadis dernfihg theendiehe efdmen dhaylve
second | eads 2a, 2h, and 2c are fornmed by damascene
apiropessly dstcapingdl by Thedsidierraf the semesshraatdevivalas idngws it does
illustrated in Fig. 9F is a cross-sectional view
ndd &eged the aulbd ¢fflayergof Bs pehtiticHiby dhd éstbr3anainantsloé the
second lead 2a are electrically connected in series
10 séficbhducitirdetibe. t Bfk inda¢asthel te@fudberal tbati heyesefomihd thathductor
2b are electrically connected in series by the 15 via
eR@ienBRGolehSidtshipdd ihéator3teradd hbtiae sepalich duefade 2@a afi®realizing a
el ectrically connected in series by the via 6h.

1drBd REhNexde valfe dahldShinadded in Fig. 90, sinilar to the
formati on nethod of the second | eads 2a, 2b, and 2c

@Nd) t he Ack@gifho tRE ex@f agl embdigm¥itasy famidf a scaabideoil shaped
[and t he flrsF@Féads | a g% b are fornmed by a

SHIRS CRARNPSPEL SEmicthBRctd) subithRe IBNEIBbInEace arca can be reduced by
cross-sectional 20 view illustrated in Fig. 90 is a

15 1&&9&%§J§%ﬁ&fnﬁﬁ&%ce\/\}a%¥¥ FrQRE shithe a?ea,Aa&f thE@imb3Aef skRficonductor
second lead 2a and the first lead la are electrically

deeRAEHAH:d ﬁ‘oxﬁearéeﬁﬁccmﬂuﬁﬂa? sttls@af @an bOBICRRAGAN Gnkdl GREFER, the
and the first lead b are electrically connected in

rﬁcﬁlﬁfa%ﬁxrﬁé bSO hSseBdicondb@r HBEcd tdnHe rh@add! brafgk:t g

second ad 2c are electrically connected in series

Qﬁlcﬁ?x?sr i 9195 31% f Qfdecg%)%g d@Scek ik §feﬁﬁ&ﬁ@ed ﬁ thé SmiSbhductor

draw and the via 7at
device also are possible.

20 [0111] Also, according io this exemplary embodiment, it is possible to reduce the
parasitic capacitance of the inductor element; and therefore, the high frequency
characteristics of the semiconductor device including the inductor element and active
elements can be improved.

[0112] Further, according to this exemplary embodiment, the spacing between the

25 inductor element and adjacent elements can be reduced; and from this point as well, the
chip surface area can be reduced and the manufacturing cost of the semiconductor device

can be reduced.
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25 connects the first draw out lead 8 and the first
lead la are forned by a damascene process; and
simlarly, the second draw out lead 9 and the via 7b
that connects the second dra#out |ead 9 and the
first draw out |lead 8 are fornmed by a damascene
process (step 8). 34 [0108]By t he manuf acturi ng
net hod her ei naboye, qg)tor eI nment accordin
te“-il

[GEdls exlg‘??ﬁi H§eFO dggffrgloﬁ prﬁ(;m‘t jpgentions Ele?scribed.
P om0 e S e L PSS 05

parasitic capaC|tances can be inhibited., 5 g0109 1In .
clempat agg@WMBE & isesRp vy RmbodBeteigi IS BEreBemAUEP yiew
el ement having a structure of a total of four |ayers,
illgpirgiesades Sheendiesd FyBEH0Re! A s 0Cne ST fop view
limted thereto; and the nunber of rs of |eads
iljugirating gha thid ileadUayesr] 08108 Merntamen gy ﬁﬁ? i §chempye top view
_determ ned the desi gner of the sen1conductor
et tosionghdeadases 10G6% Tioemex e Bobiet Ho I Ases rofyence
| ayers of leads permtted by the design constraints
nyheral erel@ vereivi tho patoe cempensiiscd Figy i fieg Sagndaydetpided description
nunber of | ead |layers formng the inductor elenent, a
thesbépomditehaped i nduct or el enent having a snal | er
surface area and realizing a |l arge inductance val ue
[(Bah] be TncherBokt ekOapdiyBbedinayt descritieid abeyee tis! indyctor element has
enbodi nent, by formng a solenoid coil shaped
fajun thad fayerseind et vonds; lbec ebthedond auttleadsd tisstecadatraw lyat lead 9)
chip surface area can be reduced by 15 increasing the
tHahchmotainthe indicire epemeninbd as exterebelamest, is forthetl laba position to
nunber of sem conductor devices obtained froma
camattao an uppeamostibgdriiedd(tiaiirsbiead heyddseldadsarfdbe inductor element;
therefore, the manufacturing cost of the
aeti otrddatorut ded is foromd Hyeslomglticgan olamtdse circsiizeential lead
reducti ons of various signal processing devices that
(ta¢ éuirthdéaddidgdl of a idhwansaniagaridattior fodakiled) af the laude of the mducior
possi bl e. 20 [0111] Al so, according to this exenplary
ermatho B Pter ide] whide isthid exetnplare dmbedihteat, iar iadudtdrceiement is
capaci tance of the inductor elenment, and therefore,
difftgerh irgihe HoROLUBACHe Gldicas tebimeait hasfoof lead&ayers and two winds, and
sem conduct or devi ce including the inductor el enent
fiandoaiedv vet IeddRMeatcdnsen thentmps:oaatent (0 ddi2dnkleittents both are
according to this exenplary enbodi nent, the spacing
fhraicnReRosidis to connect to the uppermost layer lead of the inductor element; but

except for these points, the inductor element has a structure similar to that of the first
exemplary embodiment.

[0115] As illustrated in Fig. 10D, for the inductor element according to this
exemplary embodiment, the fourth lead 4a is wound roughly two winds in a coil shape
having a spacing provided such that adjacent portions do not contact in the same plane in
an insulative film (not illustrated) on a semiconductor substrate (not illustrated). Then, a
via 6¢ is formed on a longitudinal direction end portion upper face of an inner side of the
fourth lead 4a, and a via 6d is formed on a longitudinal direction end portion upper face

of an outer side. Thereby, the fourth lead layer 104 1s configured.
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25 inductor elenment and adjacent el enents can be
reduced; and fromthis point as well, the chip
surface area can be reduced and t he manufacturing
cost of the semi conductor dedbce can be reduced. 35
[0113] Next, a second exenpl ary enbodi nent of the
present invention is described. Fig. 10Ais a
schematic top view illustrating the first [ead | ayer
[0104] of Amillustraied dr Figl Eifarthe aiachsrispengeeted iheng longitudinal
exenpl ary enbodi nent; Fig. 10B is a schematic to X
divicgion thd pertipaidwg fedeerfdeccoitishapedithirdyiead 3powhish it fpemed in the
same; Fig. 10Cis a schematic top view5 illustrating
thiri deddihyeat 108 adsitiayelabo0sthoffoutie lad hayer Hidardihgs a nowhiis a
a schematic top viewillustrating the fourth | ead
pdrtiyerand e vt 6bhefemain tha o lomedndinkledisghien ensf rardere vpper face
nuneral s are given to the same conponents of Fig. 1
oftthe Hiigl le®] 3andilao,dbt thidddeadidls rfophedon sturesmslai quder circumference
omtted. [0114]In the first exenplary enbodi nent
ofttas eritdiest oMb thitddeididyet H13; dlcened istasnd@dfto wne longitudinal
| ead | ayers and three w nds; one of the draw out
direRBds ehd bertivadonet feool theithitdelast 3); ahth dte iommsdomneden the other
i nductor el enment and an external elenment is forned at
loaghaiihiliddeclich @@niedsn tgpeafacepper nost | ayer |ead (the
first lead la) of the | eads of the inductor el enent;
[and] t he aetinesrachdawrput 0B e@e visol arcomstctzyd te bnnpapitmijnal
an outernost circunferential lead (the fourth |ead
dfR)ioflend pb@IBNSREL fatdyRahe belehdpel gedoaditdat 2k ewltiyh tf formed in the
the | eads of the inductor 15 elenment to an outer

sbAl® lcaiyle® 10 Npdditishee 4B e Yhiedeed layent03 dntiéias a notch in a
inductor el ement is different in the points that the

pbrREHCIHRIheVRIBaANS fdiaied badke b@aslohayelisal diection@niipbelibn upper
and the two draw out | eads that connect the inductor

£k SPBRlsct hdaxdErNal Aigd SRR EOnH Db 28 efoh@EIRGudbound an outer
positions to connect to the uppernost |ayer |ead of

cirdifnfeRGHE bOhe 8L&BNEad TaUh 18X &RBhAd fcad idvBeRR; BRiw4 6¢ is connected
the i nductor elenment has a structure simlar to that

tcp{)rfet lgﬁgiﬁdﬁﬁ’:ﬁ _d%@ctﬁ?ﬁeéﬁ?g)%fﬂorﬁmg ERBBF the [s&bhAlAF 2b; and the via 6F
I L)

usttrated in Fig. for the inductor elenent

isaf%ﬁgédj bt thel Bndr 151 @Y BAPERE ¥iof TRO GbABRAuppériTeeef Our th
l'ead 4a 1's wound Toughly two winds in a coil shape

[é&ﬂ\gl Ng & SPAGIRG iR'FY 11d8d 1RUGH ok RedonACHALE Bhe RiHid@Ra!
0 not contact i1 n the sane plane in an insulative
o b o3 08 84 SRR STRRUELY ERTE i o

ﬁlré%'?gaidtl’fx'}déa ik Pg%iﬁg&%di a‘%vﬁﬂ% 06,1d 125 UpRS2T:AE g%sog néBh in a

i nner side o ourt ead 4a, and a via IS

Py L S B 0 e

fa%%df)f iﬁ%e &30 fciacg Wi e dAlso, a first lead 1b is formed to surround an outer

circumference of the first lead 1a in the first lead layer 101; the via 6f ts connected to one
longitudinal direction end portion lower face of the first lead 1b; the other longitudinal
direction end portion is at a position elongating in an outer side direction of the first lead
la; and a via 7¢ is formed on the end portion upper face thereof. Then, the via 7a is
connected to a first draw out lead 8a formed in a lead iayer positioned above the first lead

layer 101; and the via 7c is connected to a second draw out lead 8b formed in the same
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36 [0116] As illustrated in Fig. 10C, the via 6¢c is
connected to one |ongitudinal direction end portion

| oner face of the coil shapeg third |l ead 3a, which is
formed in the third lead | ay f 103 positi oned above
the fourth |l ead |layer 104 and has a notch in a
portion; and the via 6b is forned in t he ot her

|tud nal directio or er f
leefﬁ@ Fhas e ?Ié%gI%%ﬂu A ¢ ﬁgmﬁ&m e pitios gleent qg:pﬂlgglg to this
exg:gln %@@Eﬁmﬁﬁ% ?qucté;e gxlcl:rlgag ?ﬂlﬁggrn\gﬁgg&pt L Bct:tlall'sélgmegcaaccordmg 10
connected to gne | ongitudinal direct hon end. porti.on
thyscRemoiak emBpdieat BT gad g N Whigh arver aﬂt& Cé«ew@nce between

formed on the other | ongi.tudinal rect . .
vgsbralivoniasspepadsalserined 1 e ALt qxrm@gl%?f@ Dﬁlepﬁ f&scrilz?é above is
the via 6b is connected to one |o |tud|n
lagger g i PRAHLIHEANEFIGHCE HRYecP &e@uaglr% ?@S%Qﬂpéame lead
second | ead 2a, which is formed in the second | ead
layeyy siheregpa priencid sipad dsbiver elkmenhhavipg @%falﬁgagﬂém poyglar to the
and has a notch in a portion; and the via
fitsbexaseplary anrhodipens has aneyeRUMITRST (tHio) @%wnéﬁp @ﬁdiraw out leads (the
portion upper face of the second | ead 2a. Also, the
firse drmdoutdead Satenil she wremdidiery &g iqed Bhithahcowedthe solenoid shaped
circunference of the second |ead 2a in the second .
induetdr £lgpent 0ER extetnml glemesbate Jogwmarps ppEHomsgo conggkio the first
| ongi tudi nal direction end portion |ower face of the
legdc bnahd Bepbsitlyned imdthe weperimposBiysrooities srbanogthshaned imdueter
| ongi tudi nal direction end portion upper face.
clp®&i8] As illustrated in Fig. 10A, the via 6a is
connected to one |ongitudinal direction end portion
[Q1a%kr f dbe caffigundionoeperativapyeahdfdifests of ddsl exeamplonyiepiboiignent
formed in the first lead | ayer 101 positioned above
exdapt hesordiitdddve aseeimil@dodind off s fasihweniplan embadiment described
portion; and the via 7a is fornmed on the other
abhooagi t udi nal direction end portion upper face of the
first lead la. Also, a first lead Ibis forned to
[@a0T ounNeat) adbitr@exetiplanyrefirdrodingent of titelpeeskent isvertimads fescribed.
inthe first lead layer 101; the via 6f is connected
The netor elgichtisticoalingliorthGtexempmdepbodinont Haswetruftarcan which
of the first lead | b; the other |ongitudina
tidi str@eturo6f B8 thduotot Elemehsa@brdngsht bawoneé bxamgaltryregniodiment
an outer side direction of the first lead 25 la; and
déscyibad dioviess totioms iaveridde émdthpowbidsntba fpeiedddeger 101 illustrated
t hereof Then, the via 7a is connected to a first draw
iOFi. | @Ak Bambores ldwerthdsgiagler odYies lepiysifithoimddctabgygent in a
the first |ead | ayer 101; and the via 7e is connected

vi@icaliPBROREH daBieguéntlaidehd?budoal B dedond 108 1a@ime 02 Afistrated in
| ead |1 ayer as the first draw out | ead 8a. Thereby,

Fldhe oBNgeahiad el eeNt 0 RBEek Nt FiQ. 10T, SneXenplak Yead layer 104
embodi ment i s configured. In other wor ds, the

ik REHEHGR FR). §0BRte REGALE it {réitzéd]lyﬁn@f%ﬂmﬁ ¥ind thereby, two draw
enbodi nent” has a lead structure in which a parasitic

- ofifRAe t HAWVRE ol Vatan@ dhd casli @Rt 1408 E5) that connect the

described in the first exenplary enbodi nent descri bed
s@BRYE shped inductor clement and external elements are formed at positions to

connect to the first leads 1a and 1b positioned in the lowermost layer of the solenoid
shaped inductor element.  Thereby, the inductor element according to this exemplary

embodiment is configured.
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5 larger than the parasitic capacitance between
mutual |y adj acent |eads in the sane |ead | ayer,
wherein a sol enoi d shaped i nductor el enment having a
configuration simlar to the3first exenplary
enbodi nent has an even nunber (two) of w nds, and
draw out leads (the first draw out |ead 8a and the
second draw qut | ead 8b). that c nect .the so noi )
[0dBHped ThedwetignradpaRstations.aRd slees ARNEXEmR odiment
formed at positions to_connect to the flrst 10 éeads
excaptahrpe reriigd §PoYHHE ST ih Enogp pbihdust ereRBlanpEmpgigment
sol enoi d shaped i nductor elenent. [0119] The
desentteidgbipet- i on, operations, and effects of this
exenpl ary enbodi nent except those recited above are
[04224 | arNexs, 2 farthomxempéary pbedigeahdl the presers senciapr 1s described.
descri bed above. 15 [0120] Next, a third exenpl ar ¥
Fignbloisresshematic top e slustrating Srst jegds fosmedicthe Fed leatifgyer 101
i nductor el enent according to this exenplar
o cantlc et <SRG DS oL RSN bt 4R isot schematic
t he i nductor el ement accordi to the second
topweavpllsiyatengredimblsadionued abie atrond l4ad layer 1 92 af thy same; Fig.
inverted. In other words, the first lead |layer 101
11€ {sustchahait fon viigw illusoAingsthirdrersld formedhie theghied taad ayer 103 of
| ayer of the |eads of the inductor elenment in a 20
the samé;cabi [Fyg i IiTeisteedhethaicpp yeyudhsiratiigfoutie edpmmed in the
the second | ead layer 102 illustrated in Fig. 10B,
fdukth 1¢ddilaytr 116401 kiaysamel 03n Fig. Utthaseok feferficg .numah amgiven to
the fourth lead layer 104 illustrated in Fig. | OD
tharsemé asmhparicad ¢fifig. VerFigcHl, hyd bdeeiitddesstipioey thened! s omitted.
t hereby, two draw out |eads (the first draw out | ead
[Ba3pnd abéhseaeddn diawlDuin the adivdio) eleheht soomiéy totthis exemplary
sol enoi d shaped i nductor el enent and externa
e@b&diBBhS tharfeuftp icmdiads woosd foughly the vbdcmraeditshbpee hdvéng a
first leads la and | b positioned in the | owernost
spaait@préfidddic shatndj et poprmhsidodioc t@ttace et Bime plane in an
Thereby, the inductor elenent according to this
iR Ay (RTRodivaRa) oh 8 searbh@unetubstdde (ldlRilkiFed). Then, a
conflguratlon operations, and effects of this
VRORTPIR#AYd 6ARA6H sRiling ¥hefiontdhd yorti@aifpetiasb ol aner side of the
simlar to those of the first exenplary enbodi nment
fole@aEddrdaabove:. 6d R¥eldet! a loacfrauhil Rirextyndportion upper face
embodi nent of the pr esent invention i s described. 5

oFhfoutdrlfid. S A58 Ghe MRirihCeddfh MifeMhdd tousihd eduohly thiol winds in a coil
| eads fornmed in the first |ead |ayer 101 of the

shapd G195 a%b@iﬁﬁbr@@&@rﬂbl{‘ﬂla{ 5 hdHnS p@NBARI AL contact to surround an
enbodi nent; Fig. 11B is a schematic top view

ohﬂef H?éuﬁrﬁﬁﬂeﬁge SEERIGuERES 44 Af KB doirth fehelas8CIRd HeRa4l61 is formed
l'ayer 102 of the same; Fig. 11Cis a schemati c top

ofa &é}ﬁ%ﬂ!ulﬂﬁ%f &idddidg hf {pbfholn%g& f204 boalinh& ddveortthd fofdrth Jead 41,

ead 1ayer 103 of the sanme; and Fig. 11D is a

alﬁ(?lgt%ﬁ% b Crok@Rd bh @Wohditddslal @tR@nfAHHbRidneRES: hes HBfh outer side.
e

Thereby, the fourth lead layer 104 is configured.

[0124] As illustrated in Fig. 11C, the via 6¢ is connected to one longitudinal

direction end portion lower face of the coil shaped third lead 3a, which is formed in the

third lead layer 103 positioned above the fourth lead layer 104 and has anoichma

portion; and the via 6b s formed on the other longitudinal direction end portion upper
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10 fourth lead |layer 104 of the sanme. In Fig. 11, the

sane reference nunerals are given to the sane

conmponents of Fig. 1 to Fig. 10, and a detail ed

description thereof is omtte&d. [0123]As illustrated

in Fig. 11D, in the inductor elenent according to

this exenplary enbodi nent, the fourth lead 4a is

wound rou hI tmo winds in a coil shape having a
fasp @t g load ded AlrentheiBird leagl AP EOMpS o GTOUbABter
contact in the sane glane in an 15 insulative film
citeimaferance ef the thir) lead 3a insbaitushigad tager Kiptevia @d issepnected to
|IIustrate%L Then, a via 6c is fornmed on a

oholegEteding directioneand pwtiemie weo Fack efthahied lepd 3k apfl thmvia 6e is
inner side of the fourth |ead 4a, and a via 6d is

fgroveden tonother longjiudinil diskctibinresdipogipnamaeniaes. | oidipersally, the
face of an outer side. Also, the fourth lead 4b is
tifisk lnati3¢ is foined to curgbimd anwoiten aigumigyence o6 the thind prad 3b in the third
having a spacing provided such that adjacent portions
ladd layet 1¢badh 6i & onewedid an QEivdinel ditiction efdpatior lower face
of the fourth lead 4a in the fourth | ead | ayer 104;
of the thirdlebd 3¢;:nfl dhareid 6bnis forived g ttidéther lowitudutal direagiod end
portion upper face of an inner side of the fourth
pbeiad vhber faced Fuvther, @jthirdlchd Adecdfoanedtd smrgiediah orater circumierence
direction end portion upper face of an outer side.

offtheniginy lead Beid thunhind leadthyea Vi, thddva biscombscgpdrie dne longitudinal
[0124]As illustrated in Fig. 11C, the via 6¢c is

daeniveche gotiipndoect fangbf thditiiad 125 36 andcitvio6k arfdrmed on the other
portion |Iower face of the coil shaped third | ead 3a,
loMgitadinhlsdifeatioieend portibe uppurifakel ead [ ayer 103

positi oned above the fourth | ead | ayer 104 and has a

[ESEh | Asallgdfatdddn Fignd B e wi 6b 6lrohsecial thede tnglthédinal

ot her longitudinal direction end portion upper 39
dira@Rn@hd paidnbwer faeadf 8@ coshapedsb@ntiMaddal @BdhIbidrdied in the
formed to surround an outer circunference of the

sédonfd teald@@etr 382 hsitibRed dbokeltHeaBld lcay elyed O arldi s ivdtdhdn a
is connected to one |ongitudinal direction end

pBATont & theWes 62f i3 €6rmRid dnhBle bitet tbnkRedna ireaiteh dnldgoydiéh upper
6e is fornmed on the other |ongitudinal direction end

FRRIF R ksetPREEad 2£ €. ARIOhE koval idad Ibhefdmbitd sirforad a8 ®uter
is formed to surround an outer circunference of the

clrbirhfrdRads 8R skbridnBad P mdhé eadnd BMeTaykP B62; thevid b8 idtonnected

is connected to one longitudinal direction “end

t@@ﬁé ToRBidPNE Girk &t Qld o Tokwedl £1c8 3 th3 GecddeddT; Whd the via 6f
i's Tornmed on the other |ongitudinal direction end

, 1599)%&(9811 HRRBher 11888 udMl BN on@nl Bofidnhppe Bk, | %ddltlonaﬂy the
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forned to surround an outer circunference of th

stddhf fedd@ds ﬁﬁ'm!eﬁ td Q@H&.Gidrag du@&%ﬂcﬁﬁ?&eﬁc@ 3F ﬂfe@@cdﬂdﬁeeﬁi 2b in the

I's connected to one longitudinal 10 direction end

sERLEIOR 62 T 8E $iP6n KRBnbdddo! oﬁﬁﬁ)éx%%dﬁél%ﬁcﬁérﬁerﬁﬁ)omon

I's forme the ot her longitudinal direction end

lfgﬁ&t %E@@Jcoﬁ@fe%d 2&0%@@%& 4d %ﬁrﬂigﬂ tF tgblglonglﬁﬁlmal

€ Via I's connected to one ongitu I rection

dg(@&w%hénfd %&1 er% bage PluldiSy Q&gh? &Q@@F@s HEEANE du83¢nd an

|n t secon ead [ayer 102

oe{%fe %&&%M@ QY fre saso&d%gadzé £afe LaYRE 1503 RN D3R Ra 6k is
not c In a

connected to one longitudinal direction end portion lower face of the second lead 2d; and
a via 6m is formed on the other longitudinal direction end portion upper face.

[0126] As illustrated in Fig. 11 A, the via 6a i1s connected to one longitudinal



15 portion; and the via 6a is forned on the other

| ongi tudinal direction end portion upper face of the
second | ead 2a. Also, the second lead 2b is fonued to
surround an outer circunfereng& of the second | ead 2a
in the second | ead | ayer 102;"the via 6e is connected
to one longitudinal direction end portion |ower face
of the second lead 2b; and the via 6f is formed on

A0 O R L1 SR s
Ilérﬁt eué ounﬂ(gca’{gﬁgy Le al%v% G seférzc[] féfiﬁj‘ gay\ef'{ Qﬁgaﬁ)ed] sa no?c% ina

connect

Rosr and dis Gt T RooSBdbprite ot %gﬂaﬁﬂﬁo?%ecsiﬂg S ption upper
%gf): e %Eﬁéé)@ﬁ lﬁaxso l On ‘aéd‘!l gg gset‘gv TitOI Vglgld %E}.gghéy two winds in a

forned to.surround an @@ier ci rcunference of

5 codlcshape having Deparmemrevidet-Sich that adareRy 8?1“136% fo pieapfagt to
6k is 25 connected to it udi nal rectio )
PFOLPOAR PYFEFIQUETErCE$C ?fl%eﬁ%ggﬁ&a ety ﬁéf& 1eﬂ§ﬁ 3 197 he via 6 is

6mis formed on_the_ other | ongitudina ection
qeenestehioupgasiticing JTpEPEPAPOrIan 1SRRI Of M lﬁrlaf Suf Qf the first
the via 6a is connected to one | I tudi na
lgad Hastang theevial 6% &7 sqnaeetedingt | pgisudipa dimgiqfgg PQﬁf&we]aWBf face of
first lead la, which is forned inthe first |ead
dnegpeer sidy1 Fyebin panedeadolis fermedde é'aﬁ‘amd@&d)urea%?mﬁ!@zence of the
and has a notch in a portion; and the via 7ais

10 first lvadi Lo thi Sirsiensrlayes A §i 1 thel viseim i qospeqteshiogmg longltudmal
£ort|on upper face of the first |lead |a. Al so,

ton prebpbrtibn Josver draeed theolingt lead f e agHithe vigdcw f@ﬂ@eql pn the other

a 5 coil shape having a spacing provided such that
langitsénad diestioineind pdBionciPPebigeact to surround an outer
circunference of a first lead la in the first |ead
0aydr 10Tlhe tilda s condéctedstoctbe et deay 0@ lead Sarigrmerdiinrlead layer
direction end portion |ower face of an inner side of
nidsgiohid shoviedlaititsb]ead hayer hel:\and thsyvip dc ssormmaediediotthe gecond draw
| ongi tudi nal direction end portion |ower face of an

15 ouied 8ifdenedrur thheame eaflilaysr a$ tadirblalring oiiblead8a.t Bhereby, the
surround an outer circunference of the 10 first | ead
ihthudtor dléreerftiacetrding dol thiagremp@y;enbiodinggnd issranifigured. In other words,
connected to one |ongitudinal direction end portion
thoweluctoaclemeht 4deerding ®tthiseadmplary emboditpenitiag aead; structure in
founed on the other |ongitudinal direction end
which b parasipipeapdcitarce HebDi&n] vEndcally adjaacitdeads deseabedlint the first
the first draw out lead 8a forned in a | ead | ayer
gesiplirp sbodiheueddshdbdd atetve islackel tharthel @it asitancipadigince between
via 7c is connected to the second draw 15 out |ead 8b

20 thotuatdadiicenhadaimaht eank leay tryen svitehan fliersstendidashajeadt inductor
| ead 8a. Thereby, the inductor elenent according to
didrhent @ einp laabyfi gmateh sienlar isthaoeffthgfirse exentplarytelngrodiment has an
words, the inductor elenent according to this
SER Efmnaéxy(f@ﬁp offivirel! adagaw duekeddstthafitsudew out Wad@a aad the
parasitic capacitance between vertically adjacent
Jeeaisdrd® 0l iche 8b) that dumnbitrihd st btabyd enfowt efemient to external
descri bed above is |arger than the parasitic
dahaas hiamsenddet WesifiorDtonishbiedt iy thadiradents 1baad$b positibiged in the
sanme | ead | ayer, wherein the sol enoid shaped i nductor

25 @pBABGH [AaVbNbe folemulll seipeatihdiidieldntaat. to that of the
irst exenplary enbodi nent has an even nunber (four)

0128y ndsTheAngudbENenett deeRding(th s Exdnsilagieawoditert @adwo leads
8a and the second draw out |ead 8b) that connect the

(B! B0h %3P R IRAHABHN O RIRBNwd VindX 1Phe wahRBERYe (the
are formed at positions to connect to the first |eads

la and | b positioned in the 25 uppernost |ayer of the
sol enoi d shaped i nductor el enent.



[0128] The i nductor elenment according to this

exenpl ary enbodi nent has two | eads (the fourth | eads

4a and 4b) that formroughly two winds in the

| ower nost | ayer (the 41 foudtlh |ead |ayer 104) of

the | eads of the inductor elenent. Thereby, the

i nductor elenent according to this exenplary

enbodi nent has nore wi nds than the w nds_of the .
fouithdeaddryes | Bherittha leady of thy mdnctasslamens  Fherebyy; thg inductor
exenpl ary enbodi ments descri bed above; and therefore
elemen asgereingrie &hiy axereplamerRRoGURERIRE rorg winds than the winds of the
[ 0129] Moreover, is possible to further inprove the
indnetor elamert ageordimgdp thenfirst iodhize sremplappsmbosiim ety fergribed above;
this exeqﬁlary enbodi ment by a configuration in which
anchiserfeforetth¢ imslictancs Yaluseandreaspreverd g. 11A foi ms

roughly two winds; and thereinafter, simlar to the
[GeAEr elompivar, yt ie pbesiiiptnfisthef imprevethededctanes erlus ohthe

descri bed above, |eads form ng roughly one wi nd are

| indonoler eletent ascoridmedaditts kreriplanyembgbeient tyrreepnfigusatien in which
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| ower 10 layers of the first lead |Ic, wherein each o
therfestdesthiedilesrated mdigeld A {@m3apughly e wisle; anddhereinhiier, similar

i nductor el ement according to the present invention
td the btemextngdargesdoidbechts of thhipsesextanpindioy destbbell aherve, leads

it is possible to easily increase the inductance
faratingerohipinly lvae wind pregrodiedjalbenirnt deeh lead| layep pesiliewdsn the lower

that formroughly two winds. [0131] Next, a fifth
leggrs, ofpheafingt lead bd iwientin ehcht dre cpnesenitinisenvasnt i on i s

described. 15 Fig. 12A is schematic top view
[0130ust r &t thegadel wisdre iteaddudior simdentractdrdinkito fte gresadt invention is

| ayer 101 of the inductor elenent according to this
faxeapk deyrivabodhiyertinphkirgembfinicst,at 18 pheimt toccatidpincrease the

view illustrating second | eads fornmed in the second
indes@ntaytie hoBe0by HrioeidisgRirthkt Gwitiple leads that form roughty two winds.
[0131] Next, a fifth exemplary embodiment of the present invention is described.
Fig. 12A is schematic top view illustrating first leads formed in the first lead layer 101 of
the inductor element according to this exemplary embodiment; Fig. 12B is a schematic
top view illustrating second leads formed in the second lead layer 102 of the same; Fig.
12C is a schematic top view illustrating third leads formed in the third lead layer 103 of
the same; and Fig. 12D 1s a schematic top view iliustrating fourth leads formed m the
fourth lead layer 104 of the same. In Fig. 12, the same reference numerals are given to
the same components of Fig. 1 to Fig. 11, and a detailed description thereof is omitted.
[0132] In the inductor element according to this exemplary embodiment, at ieast one
of the draw out leads of the draw out leads that connect the inductor element to external
elements is formed by elongating a lead positioned at the outermost circumference of any
lead layer of the leads of the inductor element. This lead can be selected by the circutt

designer. In this exemplary embodiment, an example is described in which a iead

positioned on the outermost circumference of the third lead layer 103 1s selected.
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12C is a schematic top viewillustrating third | eads

formed in the third | ead | ayer 103 of the sane; and

Fig. 12D is a schematic top viewillustrating fourth

| eads formed in the 20 fourti#? ead | ayer 104 of the

same. In Fig. 12, the sane reference nunerals are

given to the sane conponents of Fig. 1 to Fig. 11,

and. a detajled description thereof is omtted, .

[§lg2B2] | Asitestinkdue tés 1éPetreiie gl gleAgnt agcprdimg to this exemplary
exenpl ary enbodi nent, at |east one of the draw out,
empadigest, thenloudh deaddats MemrsTaushly tormads inaretlisharrchaying 2

el enent to external elenents is formed by el ongating
spRcingIoided suchileal agdtace @OBIANS dedwt ciltect ifhihe sene Blage In an

~any 25 | ead layer of the |eads of the inductor

insplan flm Mot dlysagied) am s panisepdetadubsiraih@otillugated).  Then, a
designer. In this exenplary enbodi nent, an exanple is

viebsas famgdion adprgindinal duertivagindipored wict faee efianappgsside of the
circunference of the third |lead |ayer 103 is )

fapsthdeadets; and| 2 via0dBE [fmnad) dnues longitedingl irp¢tipn epd portioy upper face
the inductor element according to this exenplary
obmbodtmedt., Alle thethurth leaiatb wdoimed o mud r(mgglmtymtvmds in a coil
winds in a coil shape having a spacing provided such

shapa havidg a@pwﬁng)pmwhgdgu@kothamdjmnt partionsrlot ke certags to surround an
plane in an insulative film(not illustrated) on a :
ostenticnmutenos ofsthb Sourtit lead Aoin the Hustirlaadldyer TDAete vaa & is formed
via 6¢c is forned on a |l ongitudinal direction end

op eidnghmdinppdrectiat end podion upperfast dighe innthedd ofithe fourth lead 4b;
| ead 4a; and a via 6d is fornmed on a | ongitudinal

anli theota Gris énched onta longitipipe diractenoind porteatiepersfadeot the outer
Also, the fourth lead 4b is forned to wi nd roughly

sideo Whardlsy, itie fauabildaddigpd Ohaveomigaregpaci ng provi ded

such that adjacent portions do not contact to

[&3ET] oundhsdlinsamatedrin Hig. AR theenig 6c ofcohteeiddau vh idngéiddidal

in the fourth | ead | ayer 104; the via 6i is formed 10
doectinlepd gbttiogi ioakr thes efthe ebilghsbadahitd kad Bapdiici adernadd in the
the inner side of the fourth |lead 46; and the via 6j

thigl lead pet 103 @sltiongd tbidienhd firthdedd laperd0d apdhid OMoich at a
upper face of the outer side. Thereby, the fourth

pbeiad; dray®e vikeb is Sorwedl drgtie ether [hka44iAs dilebtitgt dndtetidmupper
Fig. 12C, the via 6¢c is connected to one | ongitudinal
fite o€ €l thitd @ad 30T Wie) teaned 14a2C% i9fortlee 1€ Qifoushapedter

third lead 3a, which is fornmed in the

circumference of the third Jead 3a in the third lead layer 103; the via 6d 1s connected to
one longitudinal direction end portion lower face of the third lead 3b; and the via 6¢ is
formed on the other longitudinal direction end portion upper face. Additionally, the
third lead 3¢ 1s formed to surround an outer circumference of the third lead 3b in the third
lead layer 103; the via 61 is connected to one longitudinal direction end portion lower face
of the third lead 3¢; and the via 6h 1s formed on the other longitudinal direction end
portion upper face. Further, the bent third lead 3d 1s formed having a bent portion
provided at any intermediate portion of an outer circumference of the third lead 3c in the
third lead layer 103; the via 6j is connected to one longitudinal direction end portion

lower face of the third lead 3d; and the other longitudinal direction end portion 1s
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15 third |l ead | ayer 103 positioned above the fourth
| ead | ayer 104 and has a notch at a portion; and the
via 6b is formed on the other |ongitudinal direction
end portion upper face of the %hird | ead 3a. Al so,
the third lead 3b is formed t& surround an outer
circunference of the third lead 3a in the third | ead
| ayer 103; the via 6d is connected to one

I [ i nal,. di. ' .and- '
AR S 15 b RE s el H RS MR HGh  bR6 ot lead
th I i tudi nal ., di t] ti f
SRR AR B 6B R s on oper Tace.
t ' he thi.rd |lead.3b in the ..
PRl T At SoTrTRoRE VL ol s Bt oy oo Bigipe
PR HL oS T RS ] 2 Rl et m
REHER g i tehr et BT @IBREAE’ ATy npteh ata
bent ti 5. [ d at i nt i at. ti
RO Ia A0 P9 EUAREF LG S IR P ERer B Horpfeupper
1 hi | ead | 103; th ia 6j.1s. cted t
et Sl R4 e o Sy Bt SRR S e
TN N N Al T —
side, ditogt I@l?d;@g{ignn%t eqra% v%?rﬁtgqleo assea(gl %&\32,1 fbl';tand the via 6f
external elenment. [0135]As illustrated indFig. 12B
i Frempr @nébye pleerclgpgiahingg direetsRen aRgi PRl %ﬁ}%&h@ second
end portion | ower face of the coil shaped second | ea _
loagd 266 ifenmaddo serordl anpuigs isugiaeeg of gigfereiidead gyin the second
positi oned above the third |ead |ayer 103 and has a

lpast laer 02 the gika Sloisconppgtadria ope longiudigak dyegien el pagdon lower

ot her |ongitudinal direction end portjon upper

i f ,
fige aiHbe sesonhiparl dacamidhe wpg Is foTEId 08 Shotherangidingl dircction

15

20

25

formed to surround an outer circunference of the

ond Porithn upedr 26 n t he second | ead | ayer 102; the via

6e i s connected to one longitudinal direction end
[pbali on Avilptrdiedia I5g. k24 thevigdd 1t eaacatpd togohg lopgituging

6f 10 is formed on the other |ongitudinal direction
deneditigroend momtiompleaver fage of trupoilisbaped: fivst lset ba vhiduig forgned in the
is formed to surround an outer circunference of the
fgstdeartlaperald 1 Dositianechaboye thergcorhigad layer 1020md haha ngich on a

6h is connected to one |ongitudinal direction end

podtian; end thewea 74 mdernadd arhibe sdeo huhgitedidalatireciomiendyporipmupper
6g is formed on the other |ongitudinal direction end
fapwrdfitomficsp fpad 1h.addso, 6 fretles] Msisithineest toaind raughlsi tyvo winds in a
12A, the via 6a is connected to one | ongitudinal ,

cdil sbayiel awirgrecsppaing iporvidedvsach fheat edjofent bertiond do sdtapstict to
first lead la, which is formed in the first |ead

shiayend di0dutgogictinderenteatiohvefitsh ad e anthe lfiestdedddyear 1002the via 6f is
and has a notch on a portion; and the via 7a is

chbomaved ton loigtudirtabdir¢éctiogichd gorimin 1dweriatd eianangkr side of the first
portion upper face of the first lead la. Also, the '
1€ddr it abdtid ibog & doansved tba lahgithdiel dhegtiohwad worids lower face of
a 20 coil shape having a spacing provided such that -
tikdpaeedide. parrthennbe da 7add cemnattad to the fisstrdrou o Jaml wfoemed in a
circunference of the first lead la in the first |ead

1dady eyer baditiohdieabova tief firkiSleadlagect®@d Therdby| tho gnduothic BRiment
direction end portion |ower face of an inner side of
ab@igdihizhs thi$ @athpliry eatbddinhent Vi eonbiguied. connected to a

| ongi tudi nal direction end portion |ower face of the

[O78r  SiARordmy fohBis.exthplayy émBedieng dnaRkd@dotiR: éfifts obtained
first draw out lead 8a forned in a 25 lead |ayer

positi oned above the first |ead |ayer 101. Thereby,

the i nductor elenment according to this exenplary

enbodi nent is confi gured.



[0137] According to this exenplary enbodi nent, in

addition to the effects obtained 44 by the first to
fourth exenpl ary enbodi nents descri bed above, the

degrees of freedom of the ded##gn inprove. [0138] Al so,

as illustrated in Fig. 12C, the third | ead 3d, which

is the outernost circunferential lead, is bent at a

bent portion provided at any internedi ate portion of

by the fBsiga feurtioexempldns embedinesints ¢racribpadraboye e dpgrees afifreedom of
therefore, in conparison to, for exanple, the

therfigsign amproverent according to the second exenpl ary

enbodi mrent of the present invention, the total |ength

(U881 he Adwmdes diustrated inftigct2sy, the dindriead 3l, whiphtis the outermost
Accordi ngly, the inductance value declines; and in

ciotungferentaldsad, imbenh et e potionerovided sidng inderowdisdg prytion of the
of the inductor elenent according to the second

5 owxeripluaryreachaidhatintd lodd 3¢ eng tegefte, imacanmariern fos fog ex@mple, the

standard value, it can be said that the inductance

indativeclomethecomitrctoche sdcens skeraplanr dhgiimenttoliifls: present invention,
exenpl ary enbodi nent has an i nductance value that is

tHeitotel engtiljof shecldadsrafithd hdustbacidment ivahare. Awoalininghy inductance
it is possible to finely adjust the inductance val ue

valfie tidines) dud fioothet enrik} indhe casdiwlgrd the tilfustanccevghhaoiythe inductor
enbodi ment by the nunber of layers in which the

elenticat A0siding toaberiebad txahpihgagnbelinae df Wetpaesaht invention 1s a
nodi fyi ng the design paraneters 15 of the inductor

10 steh&di® nhiusUcbarase dabiethanthe indilicaunes esiue behe intudioh clelreathccording

spacing, and the like. [0139] Therefore, according

td Mis dxempeXe BpbadiyncanhadiniBiictaricd &akie tiea id fitdg adjoged from the
can freely select lead |ayers formng the draw out

slaf @06 valand hb&ireineheit i§ Pessitegiehselphdilisierdatuaince value of the
desi gn of the sem conductor device inprove; and

ifduEloh elemeht adcSrdd@S & this@xb@pfa-NehpoditieHshy thB@umber of layers in
I nduct ance val ue. 20 [Ol40fhbxt, a sixth exenplary

waidaHé BBRim&: clirb@mRi@%@Nlcad DVi@RE vatholSmE@EHEHd MR Wesign parameters
Fig. 13 is a schematic plan view of an extracted

15 oPfictih@Ri®fecidndr® atkiods thdBmbngiumers, 16AEWRIM, 18RI Gnd the like.
to this exenplary enbodinent; Fig. 14A is a schematic

[61@0] Vi ewhblckietdcabidng bithislexbapRsy &bdBAehtNtht REchit B&higner can
| ead | ayer 101 of the inductor” el’'ement according to

By ScRXEIOR] BEY%rs SHROH: MR rawfdud leadd Bnll $hedefseN@BRIebes of freedom
top view illustrating second | eads formed 25 in fhe

of Sﬁ?ﬁﬁoﬂ tR@EhhiRYEIuctB e Ple rov8hd fﬁi‘tﬁ?r, A 4GdsSibR tg ﬁinﬁiy adjust

schematic top view illustrating third | eads forne
ﬂ&hﬁéﬁggkgy gad layer 103 of the same; and Fig. 14D is

a schematic top view illustrating a fourth |ead
20 | | g)ﬂm?_ 3'1\’@:3’% h&ifR W BpihfAdn b BEnt 4 Ofreldi€irt 8ifor 8 described.
Fig. 13 is a schematic plan view of an extracted portion of a lead of the inductor element
according to this exemplary embodiment; Fig. 14A 1s a schematic top view illustraiing
first leads formed in the first lead layer 101 of the inductor element according to this
exemplary embodiment; Fig. 14B is a schematic top view illustrating second leads formed
25 in the second lead layer 102 of the same; Fig. 14C is a schematic top view illusirating

third leads formed in the third lead layer 103 of the same; and Fig. 14D 1s a schematic fop

view illustrating a fourth lead formed in the fourth lead layer 104 of the same. In Fig. 13
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and Fig. 14, the sanme reference nunerals are given to
t he sane conponents of Fig. 1 to Fig. 12, and a
detail ed description thereof is omtted. [0141] The
i nductor elenment according td5this exenplary
enbodi nent adapts the inductor elenent of the present
invention to constraints of the manufacturing process
of 5 lead structures of recent mniaturized
aybhige bR dbie saore dvénce sumieraloara e vendp dlss same campenants of Fig. 1 to
m ni aturi zed sem conductor device, fromconstraints
Ff 12 emdrradetdilad descripgop theeed s ombitedmi ni num | ead wi dt h
and the maxi mum |l ead width of the | eads of the
[Edni condhe imuceviementtaceoniitgeto thisesemplagdembdalivesgradapts the
the i nductor elenment may need a | ead wdth | arger
irtdnator tlemenaxi theiprekan thwntdh iqpeomscaintsed theymomfsturaigprecess of
of the process due to the 10 size of the current
Ifall eisiretgres OF tdoentimidistdrived ebmiventuctbnddvities  dasgher weds, in a recent
i nductor elenent according to the present invention
niigiAturiaed sudeicenduend dbdve, fghna costiintsThiahpmaseatturing process, the
invention is devised to reduce the parasitic
niapach laneadbfant e hedthvaf lcab evidthdiicicdeads|of ek micumductor
even in the case where the | ead of the inductor
devies@alofics peostind. halowged tifd inthuctbhdebdtendyhebd e l@afwidth
can be obtained sufficiently. 15 [0142]1n the

ldrfet4EdrOthe lR B Mh 1RGOt Resdridell fﬁ)iyf‘coﬁgtﬁ:ﬁﬁié &ff the process due to the
enbodi nent, at | east one of the [eads of the |nductor

sigh @frﬁi&tcu&@ﬁ’t fAdRang e etttuct@ atlin RN NRChisgsel iR inductor element
i nductor elenment to external elenents has a slit. In

| abddedih B el QesBht QAR ioA CAP TG o 10ad Rbven®X QP! Bhd/present

15

20 1

embodiment, as illustrated in Fig. 13, slits 5a in

lﬂdéﬁu&?i/ﬁe‘vﬁe@tcj 8asbeWhdparadtit 88fdcRnRILE HFBER! dfth@inductor
| ongi tudi nal direction end portion of a first |ead

1eﬁlent 3h8 QverSini ths ca%@ wierd e 1R JraMSiddlctbNQeh8RGs M@l having a slit,
direction are nade in an interior of the first |ead

theffectNBerebf daf bedblaV® Rffcishiape that is open at the
[ongitudinal direction end of the first lead la]; the

lirts 5 b
) S BRI Pl Ao

t1éaé§%f @Hla%dﬁét&ﬂ{%&ﬁa{t%ﬂ& A S WP ﬁ:‘%ﬂs LRGN glﬂl@fndum

aped aperture at a bent portion of the firs

e 'ﬁlent %Seﬁgﬁzﬂ?élda@ﬁ eritd A4St §h@t eﬁi1 Q hitor L2 ehﬂﬁ:c?l:dfﬂ%%tthls

esi gner can determne a th m10 t he r st

e&%ﬁé&?&%eﬁthg dlll&g?atécpﬁlafl'w o @ﬂﬁ%a% t\{f(pl%v&slqgg lead width

separafe by the sl
dk:%étg)gx;asrlg ?r%ge 51{'&? %) dﬂ%l Sﬁgf? %%f rﬁoxfl 8fa f‘n%? '1 ﬁ Jalso, slits 5b

om gra esi stance O

x:x @gogPoWsr l??{]ﬁre&%% Idrﬁg%ﬁq are S:th? E@%&teﬂ@? Ef fhe t%eefd?lea]. The
th al e%d %@ QNG & 1 a hgnon?ﬁﬂx 9 clﬂo Lif gft 9 @irét%ad lag;
BRI pEt ? el NGof RAFELHE:

r OV\B S OX
e a@%‘?m%h b S e
lg.lt ; rgue]crl SIS% 5¢ (n&qgustfateﬁ hgxpeea ben&i rectangular shaped aperture at a bent portion
of the first lead 1a;.
[0143] As illustrated in Fig. 13, the circuit designer can determine a lead width w of
the first lead la; such that the total of each of the lead widths wy, w,, and ws separated by

the slits is larger than the lead width necessary for realizing the desired electromigration
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15e

20

5the lead fromthe other slit to another end in the

lead width direction of the first lead la). Then, the

i nductor elenment is formed by the first |ead lal.

Here, it is favorable that tHé sizes of the slit

wi dths sl and s2 are the m ninum | ead spacing

prescribed by the constraints of the process.

Further, as illustrated in Fig. 13, the via 7a, which
resistamec b Bthe frstuctar stentasa dr $esies resistange, sthierswiin the Ipashwidth of the

| ayer (not illustrated) positioned above the first

first Md 16;; Ivayietheh@itith dfsthe lead ftdm gneedgk e readesidtndiFicgon to one
5 and is forned to avoid the slits; but in this

oftte twb asys efiditdprosing! théreeidgafs érthe wadth ioffiel sy, w; is the width of
notation, multiple vias are notated as single vias.
fHeldatidirdm thehdititom doaharsiiel se ivetht wadth of thermghar slit; lang ws is the width of
exenpl ary enbodi nent, at | east one of the | eads of
tHeliead faohd chosthed Siveminaiing ehtién thedsedoutithl &edsion of the first lead 1a;.
connecting the inductor 15 elenent to externa

Tabie nienindudiaselamshti it foramrd byahe fisst lcapt |ne keed it 13 farvyabdd that the
the inductor elements according to the first -
sesedithatly vadtedi smhi, drotheheinimirh headspaqph@piescribed by the

enbodi nent of the present invention described above.
chigfrintde tByvproasssan FanBsapheillustitdingld 3| theads Na, | védeh connects
of the inductor elenent according to the second
tiRXREPkal Va, @abRdisienth aQbad BeriheSBidratady poditiGmedaibeve the first lead
described as this exenplary enbodi ment. 20 [0145]As

ldylet UST, 124 R@iti-RiaRilGstraldtOn Hig 3, Bed isTekueddab a@bideaklits; but in this
accordlng to this exenplary enbodi ment, a fourth | ead

eﬁl@iﬁ ladyerNWYdees] hdrém@fer, ROsimPAE) n%za@hemmqﬂe Sialbdeaiotayed as

hose of the first |ead 1al descri bed above, is
SM@Hngm{oughly two wnds in a coil shape having a
spaci ng provided such that adjacent portions do not

[¢13] act [ theliR@uRG BerRb ABedrBingRo s Slehldry @mibblifkdnl @t least one
iIlustrated) on a sen conductor substrate (not

of tHeUsdds 3F 8)indd A& blerhBR 248 tYd &aRGul §:a<ﬁs%’8nﬁgct% tBe inductor

| ongi tudinal direction end portion upper face “of an

%e@fﬂ:‘ﬁf g)séx@&né}felé’}n&ﬂéjﬁéstb diRathadah be AfleiBel iRaBfof Be inductor

ormed on a longitudinal direction end portion upper

efeﬂféﬁtsoicc&ﬁ%rw% he fiisd @xerﬂ—;gl odidéit tPE tFH SRFhIAY 8fabodiment
104 i's configured. 47 [0146]As illustrated in Fig.

O%ﬂlg rbd3f: HiéhR% déor%@%%%f@d ﬂ&eﬁﬁﬁo&om %&ﬂi)gée slits made in

ction end portion | ower face a coil

High gt sl bR s
p?éggliltq%’ianwag g.?é c#sgmi?e% 'S eﬁgﬂp%d A d?rﬁe f) ;3 Eelr n a

09, ol 1?5‘?? R FRLRE oo R Rty cxemplary
o REOUN A0 UL S NISUTELENSE 86 AN LM QoA o ose of
it 5Ty 550 és“%'é’”a& SRS G LGB hving o
SO A Ay plane inan
insulative film (not illustrated) on a semiconductor substrate (not illustrated). Then, the
via 6¢ is formed on a longitudinal direction end portion upper face of an inner side of a

fourth lead 4a;; and the via 6d is formed on a longitudinal direction end portion upper

face of an outer side. Thereby, the fourth lead layer 104 1s configured.



[0147]As illustrated in Fig. 14B, the via 6b is

connected to one |longitudinal 10 direction end

portion |ower face of a coil shaped second |ead 2al,
which is foaned in the second7l ead | ayer 102

positioned above the third | ead | ayer 103 and has the

slits 5a, 5b, and Sc and a notch in a portion; and

the via 6a is forned on the other |ongitudinal
[WHbEct | dnilbwtiatedin Fign 1pbe viadeds spnnekied seemsngngigylipal

2al. Additionally, a second lead 2bl is foimed to .
disention endipention lnvesr face ofimgodl shapest third depd d9e Fdneh s daraned in the

2a] in the second lead 15 layer 102; the via 6e is.
thidriesicitogat 108 posiciohahahiave therfahrthiiqad daseo A0 aril s the Bits Sa, b,

| ower face of the second lead 211; and the via 6f is
afibfanad anitthie aopdréon;] amddha widibhas fogineé on ithsrptlas dongitudinal
portion upper face. [0148]As illustrated in Fig. 14A,

5 dirtreionicad Pertion uppamiace efthe thichead dngi tdeh, adlirddeaddhiiipformed to
end portion |ower face of a coil shaped first |ead )
stredundfah obtet siréionfeeschce pf theahitd Featl 320in thathitddsasriada 1 03; the via

positi oned above the second | ead | ayer 102 and has
6t comhédial tbane Sbngradehabdirautidn and potionilowe fpardfitmthird lead 3b;;
and the via 7a is formed on the other |ongitudinal
afid the 6id 6yis enehadaid tho wthep pepithdios difectitreerd postior wapdr face.
lat. Also, the first lead Ibi is forned to surround
[GI37pUL ensElhkstrdtddan a6 48] thehea 6b fssionhead thahe langithdinal
first lead layer 101; the via 6f is connected to one

10 direditinterdipbalondbwecfdconf 66! gaptd ssrohdwwad 26 aedichfis formed in the
first lead | bl ; and the other 25 |ongitudinal
séliohe ‘Haﬁ@zgze? ngh pesitibARl dbsvPpnsithirdRad [8lco DEdridigs kire dits 5a, 5b,
outer side direction of the first |lead lal. and the
a¥dl 8c £Kd 4 SotbR B go@idnaindane vR®atik GitmieAPerthd be longitudinal
thereof. Then, the via 7a is connected to the first

JHEAMNUE phaRf Bbcf BlcaRE tHeRenldaad 1Ay eAdpiashdliypaectond lead 2b;
above 48 the first lead layer 101; and the via 7e is

iCRRAEE tefiriotnd BS o8RS eRshrtiemn-O bt the 8achn8 bedi®anBcthe Becond tead
the sane lead layer as the first draw out | ead 8a.

15 13281 60%he $i08ehNEbtHe0kd @) SRER g direidnent bofiion lower face of
exenpl’ary embodi ment is confi gur ed. [0149]In this

ﬁ{@é&ﬁﬁcﬁ%xd S eal RNa 6f RGoGRTLNMAE bthe | dnoRhdihd @idkeigdiSend
of the inductor 5 el enent have slits is described:

t diment is not limted thereto, and may be
I?#%Fé&%ﬁted&in the case where it is difficult to
[QF@é] | ze tNendesid fdmbend Whalh 6@25 LRieSibd fldde longitudinal

esrgner due to constraints of the manuf act uri ng

8&&S&d‘}§orﬁ$lﬁo%%?if§&%%%ﬁ rshgv%t&ifﬁﬁi led0h, WA CIC1sIBrhdd in the first

(§%S|gner can determ ne whet he o formor not to form

20 1?%]&3%%{%?1 gp%ﬂi&fieé‘ -Q%y'e F‘Sﬁ%{jﬁdn‘%%ﬂmy&um £R95s 8k hihSa, 5b, and 5¢

ment e 1 nduct or el enent

agl %,?{%)gclﬁqg ab %ﬁ&({ﬂ; t%ﬁg %L\ a5 ¥s SHROALIBR oth R orloR B haltiRction end

eads o uctor el enent and t hé& draw out

| ead i | ound an
pee é?{glﬁﬁjgp ﬂagg E)g ﬂ%l 1%1{@?165&1 %let Aisf Itk?e@ﬁ@% ]l’e]:lé@ll?ﬁg ﬁfrﬂl@{i lto surround

and 't herefore, e practically
effective seri r si nee. of. ' I o6+ &l-anERt; ted
L BB 7 5] AODF G e S B LT o
of the inductor el enent h
pt el R s FRE B NG ]t 1B e ot
235 longitudinal direction end portion is positioned elongating in an outer side direction of the

first iead 1a;. and the via 7¢ is formed on an end portion upper face thereof. Then, the

via 7a is connected to the first draw out lead 8a formed in a lead layer positioned above
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15 designer cannot realize the desired | ead width by
a single lead due to the constraints of the
manuf acturi ng process for the inductor el enent
according to this exenplary é&bodi nent,
i npl ementation is possible by a |lead having a slit to
imtate a | ead having a large | ead w dth.
[0151] According to this exenplary enbodi ment, even
the fastdeasdaytidPb: adhe wadeqs comecied 1o fgderenh deiveaghipad 8b formed
has a slit due to constraints of the manufacturing
intho seus lead layecasthe Arshideavipwidesd & nildsHiuche indyeigr glgment
the effects of the present invention can be obtai ned.
ade0idiag toNbistexemplovembodiegaiisicanfigwabodi nent of t he
present invention is described. The inductor el enent
[(Hebr di hythiscexempre smhpdizient, dixbenst mibare allad the leads of the inductor
structure in which the structure of the inductor
elelmentintve ais o disngbado buthibe simboiinesve irpioa fipited Bsthtensng may be
25 described above is vertically inverted. In other o
inapleisnted ireth caserwiest itlingdhicdf tottalidedheldesed fend width of the circuit
i nductor elenent is formed in a state in which the .
dédigret dheacconsiysnts b fhei thamsasratiegipionestofthe samicogductor device; and
vertically inverted; and sequentially thereupon, the
tieatend dedgebr lcay ésterhtifle whdthict tcubtrmat edt toforE gits @y of the leads
the third lead layer 103 illustrated in Fig. 14C, and
ot bew qitndads bewmd ihdiyerr elbebnicl | ustrated in Fig. 14D are
laminated in a vertically inverted state; and
[¢1%@1 eby In thaandlice ctumtenk ecdsdir he this exsmptirpembedimieatdt least one
8a and the second draw out |ead 8b) connecting the
o5 HegaRis &f 8leanadtté:tikiedn bané Hiendnaty duoleadd @nnadting tlenmitsor
are formed at 5 positions to connect to the first
eleBaastd &iahsl ddnd@shdsiaaiiehnidnhébrd, ovepraairally affsrtiveferies
the sol enoi d shaped inductor element. Thereby, the
réGMEE OF R RIRS: R dhmbe Fdutdd; SnéRerfcatyigration resistance of
enbodi ment is configured. [0153]1In this exenplary
tiRRediiIREmekiRan B anpvtd.| erdghSavais iBhceanneiatrt tg circuit
the inductor element to external elements are forned

SRS LR kediBY e de8REl lead Yidth B siidle 1dA€ dldtol tR@Bonstraints of the
structure of mniaturized sen conductor devices that

r.lff';ln%fé‘c _ rbdesiid ehe/indSQek elenchBacderiRizab tiibatenipiery embodiment,
ead w dt'hs permtted by the manufacturing process

i&?&%ﬁxe{tﬂoﬁ% p@SiblcoR0S 18R Batinh ARGt o inliQWer leh@lyRiss a large lead
Accordingly, in thé inductor el enent according to

vﬁ?ﬁ? exenpl ary enbodi ment, the |eads of the inductor
ellement may have no slits, and only draw out | eads

1L Oneetl ' thl Swhere the lead of
[Pg% 4] Thzg&gi(‘)dr%?‘? td (RNRL ehBYEY cHBYGIRRKE c@erSinithe cabSwhere the lead o

guration, operations, and effects of

t%%‘ig%u@?é? Piglrn@{lt}/klag AROHEIERLBXEERE of BRSBarfu@ichl:BE RBRNEOf recent

sim 0 those of the sixth exenplary

Iﬁf@ﬂ%@gmgc%ﬁﬁﬁ&&e&v?c@@’tﬁe eéffects of the present invention can be obtained.

[0152] Next, a seventh exemplary embodiment of the present invention 1s described.

The inductor element according to this exemplary embodiment has a structure in which
the structure of the inductor element according to the sixth exemplary embodiment
described above is vertically inverted.  In other words, the lowermost layer of the icads
of the inductor element is formed in a state in which the first lead layer 101 illustrated in

Fig. 14A is veriically inverted; and sequentially thereupon, the second lead layer 102
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[ 0155] Next, an ei ghth exenpl ary enbodi nent of the

present invention is described. Fig. 15 is a

schematic top viewillushating the first |ead |ayer

101 of the inductor element A8 according to this

exenpl ary enbodi nent; and Fig. 16 is a schematic
cross-sectional viewillustrating a dumy netal

di sposition of a |lead |ayer positioned in a |ayer
ilbistratad ithBigf 14Bstthe tird 1pad layer1(98. illnsirafedgn Fig 14Rgand the fourth lead
16, the sane reference nunerals are given to the sane

layenp@hidnsteatet infFig. 14D are l@pipatetidn a yagicalliavert¢degale; and thereby,

description thereof is omtted. [0156] This exenpl ar
teordee onsicads (he Fioit dravh eutdears 8a gndothe skenny drast @it 19adribed

25 around the inductor elenment according to the

conresend the solemiil shared dnduverratbyment eventrsaltdiements are formed at
performance deterioration of the inductor el enent

pbsitiomgto catmzat tolilre fitse laidsniy ank i mposittongd datheBewermost layer of the
i npl emented al so to the inductor elenents of any of

sbibroifl ishapted taiusev elettent. 5 OF lexelyp g ipdetdy ethinneh tscooding keethis
present invention described above. Hereinbel ow, an
egatapiphyeendfodithent doednfiglorsaf t he density of the dummy

metal fornmed around the inductor elenment according to
(01581t hi gl thexewmpiplary eefbdtherenthe dfawt e lqude 82 atd 8b connecting the
invention is described as this exenplary enbodi nent.

ifducfdl bR etol axthued] @fensdnenis tiomedlasthigngwedaydriisad layers; but in the
exenpl ary enbodi nent adapts the present invention to
1éddetaomnad dfahintasurbled thidsatuftacdaviden thapsire caasntdf wilely used, it is
| ead structure of a recent mniaturized sem conduct or
odfthiCBat thelch@ Gedths Piriiatdiby ZRMnaaificnongytbais tevoheainer as leads
| eads are often formed by a | ead manufacturing nethod
afefoehb® th oGelyéle AlsRItRNe iPiRdiedRic Rtidnbectotding fethis
manuf acturi ng nethod of the first exenplary 10 :
eRERPEHEAboddhektN e DERIS O thel iRN@AGH dMinedt PndythaSe no slits, and only
manuf acturing nethod, as illustrated in the

&R dhaehdirdos@ion®t Radio®er tRer by Bhveaxgnpl ary
enbodi ment of the present invention, netal |eads are

[bp3ared byhenBkiiAgati®RdpeRaned afd eaMeSof(thS ade@pROYmbodiment

pattern) in the insulative film depositing a metal

cfé{i):(ééﬂe@élgd%e tRGed SR GEOUBIP R 1BENARE sikiteR FBIRY bMBodiRRnt
described above.

[0155] Next, an eighth exemplary embodiment of the present invention is described.
Fig. 15 is a schematic top view illustrating the first lead layer 101 of the inductor element
according to this exemplary embodiment; and Fig. 16 1s a schematic cross-sectional view
illustrating a dummy metal disposition of a lead layer positioned in a layer below the first
iead layer 101. InFig. 15 and Fig. 16, the same reference numerals are given to the
same components of Fig. 1 to Fig. 14, and a detailed description thereof is omitted.
[0156] This exemplary embodiment controls the density of dummy metal formed
around the inductor element according to the present invention and thereby prevents the

performance deterioration of the inductor element brought about by the dummy metal,

and can be implemented also to the inductor elements of any of the first to seventh
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metal filmby a flattening nmethod such as, for
exanpl e, chem cal nechanical polishing 15 (CW) and
the like. Wien flattening the netal filmby the
flatteni ng process, polishingOrates of the netal film
and the insulative filmare different; and therefore,
the filmthickness of the fil mbetween the | ead
| ayers becones nonuni form To solve this problem in a
exeprpdary einbadinfeptmefithe nresens nveptiemdescriyed apovempr ersinbplpw, an
form ng dunmy leads in a region other than the |eads
exesrgde pirthe hentoil of et depsityt ¢ighe drinsodeiet Hrmeéyiogad thegedctor
20 dummy | eads generally are referred to as dummy
elamtatl accdroibg8h Trethird rrympletya¢mbatimontimd dhepresrit tryentiqngs
the circuit of the sem conductor device, nor notably,
d¢soribdiensithid gg¢roplagt enbotimefiut t he dummy netal exists
around the inductor elenent; and thereby,
Huﬁﬁprtuﬁhieﬁymotﬁbnmapaxomkmmwtb@tmgeﬁanhﬂn%ﬁmngﬁ@ﬂmﬁsﬂw
the inductor elenment and the sem conductor substrate,
pichant oapaitint @rthe chetraenofahs mgnafactugag pRisesrofa lead structure of a
grounding |l ead existing in the | eads of the inductor
reebgimntataiygd semicoudaitngisvive. | dectmmielagnert seroiconduetor
i ke practically and effectively becone I|arge.
dbuedshiesds se bAgN&irined biyallehdi mamifectsnp inypthbh ecferrdliotasrthe
elenent and thereby, the loss of the inductor 51
rld@efs@ HEdeRdES krythe Snahafagerihdendtitods! thel Ayst exsrmsinty
ex0|te in the dummy netal. [0159] This exenpl ary
cRBE MBS the PRk EMliSventien d eibsthisynafuficheingun@iiodrat dlustrated in the
formed around the inductor el enent according to the

rREeHeRing MeaRid cMharieh by (pitedants of e present invention, metal
per f ormance deterioration of the inductor el enent

1RO HE M rmRBBt mBYink M dAHATY diBd @k (lebd EOE6OpAtReri)HE the insulative

i nductor el ement accordi ng %o this exenpl ary

RAPRHLEBAL & ndSallflilnstihalced girda;vE;th{enl and themoBh@the excess
groups 20a and 2la having nmutually different

N ih H9% BeURE hiBod safssofor tlanpidikefnal fleei@iital hétishing

t he flrst | ead l'ayer 101 of the inductor el enment

@@ LAl AY ke t Whén@zft@nﬁmﬁ@ﬁ@fay ﬁﬁmB? dihdBatentic drb®ss, polishing

present i nvention are forned. dummy net al group 20a

rét&f SBHe folta® [1RG ANk T Ms@btideBind %Q%&Emt et hOrekE Ut Bim
el enent has a | ow density; and a dummy nmetal group

%@xefs@ gﬁﬁﬂtb%’cv?é:én%e [h@1RERHeBbhYs Rfnuhiigmh e apsSsdie this

eiln ctor el ement has a"high density. Simlarly,

p%ﬁen?,gggg 505?6 @ﬁd %%@n %@ﬁ gf%?s R0 RArTBe Ahne lélﬂﬂlmy leads

t or also in tthe second

hlf\ %83%?4111%% Jj]x theﬁ@eﬁis}gécf o ti)@ @i%th@t)ﬁﬁcﬁe 403 codhdiok iEl@vme Such

ayer
dummy leads generally are referred to as dummy metal.

[0158] The dummy metal is connected neither to the circuit of the semiconductor
device, nor notably, to the inductor element; but the dummy metal exists around the
inductor element; and thereby, unfortunately, the capacitance between the leads of the
inductor element and the semiconductor substrate, the capacitance between a signal lead
or a grounding lead existing in the leads of the inductor element and surrounding the
inductor element, or the like practically and effectively become large. Further, a

magnetic field is created by the inductor element, and thereby, the loss of the inductor



10

15

20

25

[0161] Al so, as illustrated in Fig. 16, a dumy netal
group 20b is forned in a |lead 15 | ayer directly bel ow
that in which the inductor elenent is formed, and has
a low density in a region 2253tor which the inductor
elenment is forned directly above and the proximty
thereof; and a dummy netal group 21b is fornmed having
a high denS|ty outsi de of the region 22 in which the
elemeufomdernmlateipistlaigs dbotorapdeddiydurigat gxctisd i thy durvay eesftal.
SSmlarly, in a lead |layer directly above the
[G168Lct o hislesemepiary erhieodimentycontoksithgdansity 0lbe demfnyrmelg! formed
20 having a |low density in the region 22 for which
arbimed thedoditctor cbdneam according tr tire grafentdovéngioh ehdiherhy prévents the
proximty thereof; and the dummy netal group 21b is
péréormadcddesdrigatiorhofghe thenstdt glemetshrdeglo faboddy tegiummmg 2netal.
in which the inductor elenment is formed and the
[QABOKi M Inythe hrefue@t e[cdik6Ricksrdinglesthiprexemplty embritdiméntaas
recent sem conductor device in which a |lead 25
ilmmsiratdid Eigi 1y doeinhiotielay graupaDssaeiitl ajnome ssutidlyusBeent
the mininmumdensity of a nmetal existing in a fixed
ddrefieo arcvht @it lesdsddahai@ducibmneltinest i@xenfisaieyd layer 101 of the
enbodi nent, the dummy netal groups 20a and 20b are
indaéiedlehan fRgotdmwen alek fad ekémprpamnipodifientr of skt prafeyt yention
the 52 mninmumdensity reference of the netal. In
artfiehedVorAdgummg GastHl digus 204 foide@ wenploainitestibe lca@néf the
by lowering the density of the dummy netal, which is
irdut@€ blefehihak ReoRalchaiyanT £ ddehs! inetabfroan 2 of fokhed outside of the
i nductor elenent, in the proximty of each |ead of

ploRnith SPHE Made bﬁﬂ@nﬁductdma@eem& BRIBALE d@RRT | SfnaildrBN the dummy
can be inhibited. Here, it is favorable 5 that the

me@QoRADs 0ba hliE2 BUFBVoriRE atouiit AP Readsf 8O thddelbr dlaMbmGlso in the
low densities are formed as wi de as possible, but are

se%k;ﬁ@ (23 3864: | 02, aROirdlibAtiaydH 108, dikl 16 Fodirihtiesh IRyerti0e.
design rul es prescribed by t he’ manuf act uri ng process.

411631 Ala3Q,, of lusihied SHIMBY1 dTRIRIMAY B1RS oARP 2896 BBBed in a lead

having [ow' densities, a lowering of thé density may

J;;gr ﬂﬁ%cft %@f&)@v ¥ #BiRg tHeBd Rk & 18heRachhrRbd LRE nA U TRy dcnsrsy in

belonglng thereto snaller than those of each

W7mﬁ’lfmul@fh@ﬂdﬂc¥bﬂet§n&%‘ [AR6rEd airecqwa% egﬂiéih@ﬁ%mmlty
Zfb havi ng high densities; further, thi$ | owering of

ﬂ%?&:fdaﬁﬂsi &%ﬁrﬁg&&a P& PIHE %Medrf?awga mg@d&@@y bidGide of the

et ween eac ummy netal bel ongi ng to thé dummy netal

&y@'/smz\gﬁcfilg%tlﬁg&tm\férﬁ&é 1%1&%@%@ u%%r&ﬁﬁl&%&&ﬁn Similarly,

e spacl ng ween eac umy nmet a

11‘[;\? %a%%l .lzgﬁzpﬁ{ﬁct@]a%o@@gx Ay ﬂg\égé?lgzrﬂ ot?@ eg@.ﬁ:@ étﬁ%rm% 1s formed
?ér;r% t%g:?s g Sgﬁfraqﬁ/ Z?reﬁ?ﬁv i1 g:ﬁépgﬁ& tgleélg\%%g 6%&9‘1'?13{1 directly
Vi 4
al un . af? ﬁ’ é& e?e%f,?@%ﬂ tl?ee dl%ﬁﬂgexg t'a_.{ %59 Hlﬁs tf(s}ﬁlod having a

g)ﬁadg?m?y m%cszde of’l ﬁqterrgélgﬁi Zb rh which the inductor element is formed and the

proximity thereof.

[0162] As a design constraint of a recent semiconductor device in which a lead
manufacturing method by a damascene process is used, the minimum density of a metal
existing in a fixed region oficn is decided. In this exemplary embodiment, the dummy

metal groups 20a and 20b are formed having lowered densities only after satisfying the
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which the density of the dummy netal is changed in
two stages of the |ow density dummy 20 netal groups
20a and 20b and the high density dummy metal groups
21a and 21b; but the dummy nmeéfal is not linmted
thereto; and three or nore dummy netal groups having
mutual |y different densities may be formed. In other
words, the stages of which the density is changed may
miremuhr éensity reforecestidyemetadn ditf ethertveards, perordiaa &g thys exemplary
change of the dummy metal may be continuous, and may
ethbodiment ty hywearingtthaidensite of thewhinghy wistal. iy is25fagier Wl the
density increases gradually as the distance fromthe
pérfidahesr dedrioratin ofitbe selscr c[eDBE [nbs proximity lof sach lead of the
exenpl ary enbodinent, in the proximty of the
indoeioe tlemenl, drartioraadesictdripriton caf bainhiliteduniiersy it is favorable
region in a horizontal direction of each netal |ead
thaf thieegiofs3ofi theldwhmiy radtelngrotips 20araadi20e Havibgiow Aensities are formed
i nductor el ement according to the present invention
adakicas iphssisle hurertsupp@bseditd @ehouighat avhithtibh perefigedby thealesign
definition of the proximity of the inductor el enent
ril&Chrsteibed be theaghmisctafing f@cegper portion and the
| ower portion of the inductor element. 5
[1163P6] Apgsy, dirnBe fminkiBotex@oppalis aadDobhawng joveiémities, a
of the dummy nmetal on the inductor el enent can be
1 drR A tRddenaitd miah @ c perfbancERe Makiet erd siteatficach of the demmy metal
i nduct or el enent brought about by the dunmy netal
beesSink thdri6 sHRN B8 thokef BichCassnohetahformedih the dummy metal
structure of a recent mniaturized sem conduct or

gEfRIh 08 &R NEndviMY Kbk G6hsiti R BHNE Xliis loavaRing o the density may be
exenpl ary enbodi ment of the present invention is
pEESEEdd aliflo FHeGpadif P bkiSvedn ALAREThE nie@d b¥ioB¥Ing o the dummy
sem conduct or device according to this exenplary
n%’@ LiRMa afl 90b BhBhd HVAISHARS 1SEShANEE spHcaW WG each
in%ﬁhgﬁ g? Fig. 17A;, and ng. 18 is a ci?%h??
' £ D BuS &Y SORIMGLBE 2 SeMACE haaoRE M Agddneitkhi S
AfRorqY 5% WREA & BER dHn¥R Mt dbfleS@making the spacing
conpgﬁgggg O?SEEQ_ 1to Fig. 16, and a dgtailed ne e
1&2?&5&&&&1}9 ch Bﬁfnﬁg mbSl, WB &Ry maallPABBDAS and 20b having low
I In Fig.

ustrate 17 and Fig’ 18, a transistor 36

dgagﬁgﬂgg}ggﬁﬂﬁmgpparation insulative film31 are

prov on a sem conductor substrate 30 of the

[gﬁngﬂgc O”qﬂ?ﬁe%u&?a‘{é&&aﬁfgg%fg% 15 Ond ﬁ?ﬂ@;éﬁ RRABHIE i illustrated in

dinment, a resista nt 35 forned of, fo

V?% & yéieﬁﬁ’eflgg;ﬁt%/ gﬁﬁ&%&hﬂ%_cgéﬁc#eﬁ% PH&des of the low density dummy

S provi on the el enent
ti [ j fij: . : i _
TR e 20B 5! TeHibal iy Aeheinb 0 @60 @Y land 21b; but the

dummy metal is not limited thereto; and three or more dummy metal groups having

mutually different densities may be formed. In other words, the stages of which the
density is changed may be three or more stages; and further, the density change of the
dummy metal may be continuous, and may be formed by a structure in which the dummy
metal density increases gradually as the distance from the inductor element increases.
[0165] Also, in this exemplary embodiment, in the proximity of the inductor element,

a description of a surrounding region in a horizontal direction of each metal lead of the
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20 el ement separation insulative film31 and the
resistance elenment 35. In the interior of the
inter-layer insulative film32, a power supply |ead
33, nutually insulated nultiple | ayer |eads, and vias
that electrically connect these are formed; and an
i nductor el ement 34 according to the present
invention is fornmed sinultaneously by a formation | .
inde@qr admanih & netited; puethedagdiciar gletrenopecordipgrioihe pissent fiavention
inductor element 34 is connected to the power 25
hasaphiey dineadiodd), widedingh endothirsfore atherilefanitipn oftha peximity of the
to one termnal of the resistance el enent 35. The
indtdierel¢mentinviidesfthe tegione of Heapper miréoreand B8 lgwer portion of the
connected to a drain termnal of the transistor 36;
indneloadlernettput term nal 38 is provided on a netal |ead
54 between the resistance elenent 35 and a drain
[0a66]M nahcootdihfien thisesngilay e8Bbhodinanp wficetstof thei dugimpmetal on the
the transistor 36 is connected to a grounding | ead
ind&toeclgadre chieberbiediated; dndehd pafisimahar dedGidraicnadecinddctor
to an input termnal 37; and an anplifier generally
cle@bttrbr@gbht sboas ba tishdurhmpy eadtalanpd inf the mansfaconhg grocvesk. of the lead
Ther eby, the sem conductor device according to 5 this
stOCOIPbAY }ecaithodiBtited ssmicontig ol dedrice[cad 66 juksbited.
described in the manufacturing nmethod of the first
[(B%eTP| aKyxieshiad sRahplafy doftedphas efthei prssent inoemtiohhedescribed.
inter-layer insulative film 32 generally may have a
Firga 07 Q& Lschibhbied tpeview ofdlsthpbadioyelevics stdoadiing 6o this exemplary
ilnms; but in Fig. 17B, the inter-layer insulative
ethbbdindg:; Fi. O71@Rhh 6)sh-XediRRAIOS @M aRAg d%e & -8i dTEiE 17A; and Fig. 18 is
insulative film210 [0170]Also, in this exenplary
a SFRRALAR B oftesdrEishsRAE Getle AEREdiBD i BBSex8mplary embodiment. -
polysilicon resistance, but alternatively, the
I B3l Bt AHICE o & . MRN{an@Srcfi¥nd Guhesdld A6 igth@nrte HeShMBCOmipbnents of
whi'ch a siTicide such as, for exanple, NI Si and the

Fld K9 b {00BY RbikdRREM I ibh @RRedus bmard. or a
conpl etely silicided FUSI gate el ectrode; and these

be jcatB Yo 561 B8 Fed 18Ya frhiRisthr Ttk an element separati
[(ggé?gne%;gﬂlgﬁr&%herl, a NS t?gsi}s/?or may be Heod asem peparaion

ir%?ﬁtti@@ Bin® § PRGCE,BYRIZE BY 23PmidBddbNestirat@n0 eP@E 8kmRBdnductor

the sem conductor device according to this

d@%ﬁ@@ﬂéé{d}’n | B W B8 bRt G Qi deatbe Bldn@iht 35 formed of, for

according to the description above is described. The

- ' s { c. o . Lo
<HEEIFHBEOR I S8 S AN aFLs BB o

i NG t ' . i .

RO hIERE0G5 | M bIRRAAICE (Bhudhe o8 L BrodiRd o cover
e%];netnp p@alidh [dut tﬁ%e lﬁh%@ 18 Qﬁmﬂ@aelﬁ?& 350 ?n the interior of

paraS|P|c capacf&anpe, transfornms an anplifiable
ﬂ%ﬁﬁﬁe@?@%ﬁ@ﬁ&é ﬁlrWz%eE’S{@kgert gﬁgftl@ald%% Bl Eilgs%'leﬁed Rultiple

requency. ase where a

zpﬁi aiz%c‘lﬁctor element

1
I'ng curren a

33@8(':&83!11@ go Rrg ptrcbs%n%) LR ord i€ S sirﬁlﬁtaneously by a formation step of the

multiple layer leads. One terminal of the inductor element 34 is connected to the power

Lay)

supply lead 33, and the other terminal is connected to one terminal of the resistance
element 35. The other terminal of the resistance element 35 1s connected to a drain

terminal of the transistor 36; and an output terminal 38 is provided on a metal lead
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25 [0172] According to this exenplary enbodi nent, the
parasitic capacitance of the inductor elenment 34 is
smal |, and therefore a sem conductor device that
realizes a further transformdéf the anplification
gain to wi deband or a sem conductor device that can
obtain 55 a high gain at a designated frequency
(realize a peaking operation) can be obtained.
betwear i nepitanct kierpsh? & embiadrasy tegsinabel the Farsiitergd 6 o A source
this exenpl ary enbodi ment, the frequency band can be
termimabefte transistor3d is emphaetddi tgla gr@t@@iit@w\ed Purdatst tepmpiogl of the
several tens of GHz. 5 [0173]1n currently mai nstream
trasiktadods comrecdd v ae mpuyensinal 37 and atafmpfiergenatally referred to as
circuit that anmplifies a differential signal is often
a siam pedutmptlHfeer seeunfigneict Thedbyithescadcordicoydeoca drcerding to
exenpl ary enbodi nent is a single-ended nmethod. This
thissexiempiire veibbdinieat greaphipeedl. representati on from
becom ng conpl ex, and the clains of the present
[(169ENt | A deeribed iththe encanfactirimgtradthahofftbe fitsh exanplayismbodiment
nmet hod that inplenments the inductor 10 el enent
ofte predbrignicdtivhehp irgaelayeri inudativie diim J200kRdhAg nrag diaved laminate
above, the enbodi nent of the inplenentation of the
stRele bomuldRebiRtr aedotid filghd, butih@igpri&Betit mtonvped iasulative film
to a sem conductor device can be inplenented
3sivarhpHitdliyabs@sdnasd an dindeaisolatiet ilent according to
any of the exenplary enbodi nents of the present
[01MIENt | Also, &bthisQsképiphex bmbadihent, theexesibtah@r glement 35 uses a
enbodi ment of the present invention is described.
phivSilicdiPRsisBinde; Yah Bi@hitbrely) PheteWatde cldmex BE agdyesd a silicide
eSsential portion of the sem conductor device
rAGEREL I Ghich alshictdeXRARE, FbY cxelRs NTBNnd B8 dkdisForndddbbn a
is a cross-sectional view along line A-A of Fig. 19A
pblﬁsi’fib&l subfhce 1 &%[ﬁ?et&@fsﬁ[&&&@wﬂlgi@éi&tﬁfd@; MdvB&e oty be
the sane conponents of Fig. 1 to Fig. 18, and a
aﬂﬁ%ﬁ'iét&? sdRsEh ’bg%@&&ﬁﬁfe@@mﬂ. S Fafthéd 80402 GabkdOhAB be used as
[lTustrated in Fig. 19, the sem conductor device

ﬂ%ﬁ??ﬁg&ﬁgﬂ&ﬁmﬁﬁgs exenpl ary enbodi nent includes a
iffusion |ayer 40 to enclose an inductor 34 in the

[GlATeNt N8P %%@Eﬁﬂoﬁ B HHeAbnY@nfitdttR Rdi@Mctd8ing to this exemplary
sem conduct'or Substrate 30, a netal |lead 41; and a

&%@&%ﬁ%m@ﬁ%@@%%ﬁﬁ&a Dol BRS:d Be H@srcﬁﬁgorgc@dms@st deR@ribed.

to anothe tal (not illusliated) having a
T?E 9&%&??&&&%%% HrustrhBR iRl 78 8iA Y 8 RAME ThuctoR element 34
e diffusion

added as a load, and thereby increases the impedance of the load in the high frequency
band; and by compensating a decline of the gain in the high frequency band due to a
parasitic capacitance, transforms an amplifiable frequency band to wideband or obtains a
high gain in a designated frequency. In the case where an alternating current signal 1s
applied to the input terminal 37, the alternating current signal is amplified by the butput
terminal 38§.

[0172] According to this exemplary embodiment, the parasitic capacitance of the
inductor element 34 1s small, and therefore a semiconductor device that realizes a further

transform of the amplification gain to wideband or a semiconductor device that can obtain
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25 layer 40 via the contact 42. [0177]1t is favorable
to increase the distance between the inductor el enment
34 and the grounding | ead as nuch as possi bl e; but
the di stance between the i nddétor elenent 34 56 and
the grounding lead is determined by the circuit
desi gner of the semiconductor device taking into
consideration the effects of the eddy current excited
a hightdaén gtracienignatgd frequbnby (rzahzepnpsakingfopetation) eagthe @beamed.
the inductor elenment 34, the parasitic capacitance
Abedrdingrto theesemctndudor deverrearcoBiingindhis hxengplanyregibegiment, the
| ead, the surface area of the sem conductor device, 5
framebnt baid dem. belimptdvies texe axtransty éigbdigrenty, bagd of about several
exanple is illustrated in which the grounding | ead
tenpof Gés the diffusion |ayer 40 fornmed on the
sem conductor substrate, the netal |ead 41, and the
[GRT act Iftyrrdmtiy nidestrgam wanhicgdheadddvicenentialiy taedi fferential
thereto; and the grounding | ead may be formed by only
cirdift @hf Instifn al dafferentd) siganisioftet: lnkesl, batdhe senticarpivktor device
groundi ng potential to the diffusion |ayer 40, the
a&RPding to ths Geehpldieebbdimeherd: ddgleraydddendiBod onitectsad prevent
to a portion OF the diffusion layer 40; and the netal

tHeQREhifdal M@ edREtafi oM ABEL RGoindn@whlex, ane thal cldied ! taeviragnt

t he groundi ng potential. Further, the grounding |ead

VRt BRNE nét HavBbikaliitsth stk Wiieecifitimahddthwhingplements the inductor
mul tipl e | eads, having substantially the same shape

eRfchhgec tol tR@gredcht ifedtib@r med across nultiple

| ayers in the upper layer of the netal |ead 41

[(-91|7|4;]15t I a8eitedd abbh, HeXPabERRBECIEEL BipiMh@Raticdsf the inductor
further connected to the 15 netal lead 41 illustrated

elethefit Secotding fdthd BlcAGH M inhon t@a téthisomiemR UaviXe can be implemented
enbodiment, in addition to the operations and effects

sl fldérgfmséﬂ ot bn GHEER} kheRIRRAEIRMo 9D HHeRREMAROY Bmbodiments of

of noise excited in the sem conduct or

1dne e&@xgue to the inductor elenent 34 exerted
0 anotﬁﬁ? circuit elenent (not illustrated) formed

he semd copgy ; 1k SdRE6h 1s2scribed.
[?1871599] Next,” an el%ggfel %ﬁsb%%[éérr%lﬁlgrﬁgdg%%%igenent of tlﬁe Serne

PE% ﬁ@?\.nits al s@l‘(&ﬂéﬂcﬂ%&%?ﬁ(ﬁ%réﬁ%%ed El@ntid Boifmdf the semiconductor

ematic top vie an extracted essential portion

a@fick NeRh gﬁ%ﬁ{pla@fgh%%dﬁﬁ&%rﬂ%iﬁgg.tlggi@ﬁ Sross-sectional view

exenplary & n Fig. 20, e sane reference
YIS £ AL 800 BRI, e e o
sgtrﬁn;e tcgl%gbnents of Fig. 1 to Fig. 18, and a detailed description thereof is omitted.
[0176] As illustrated in Fig. 19, the semiconductor device according to this
exemplary embodiment inchides a diffusion layer 40 to enclose an inductor 34 in the
element separation insulative film 31 on the semiconductor substrate 30; a metal lead 41;
and a contact 42; and a grounding 1eéd 1s formed connecting to another metal lead (not
illustrated) having a grounding potential. The metal lead 41 connects to the diffusion
layer 40 via the contact 42.

10177] It is favorable to increase the distance between the inductor element 34 and

the grounding lead as much as possible; but the distance between the inductor element 34
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25 [0180]In the tenth exenpl ary enbodi nent descri bed

above, the grounding | ead having a groundi ng

potential is forned to encl ose the inductor el enent

34; while in this exenplary égbodi nent, the groundi ng

lead is different in the points of not conpletely 57
coiling around the inductor elenent 34 and having a

notch 43 in a portion; and except for these points, )
ahdihe gramditigriead is ddtetramed by tthaiciranitedesignér| od the ssotipedugpr device
the tenth exenpl ary enbodi nent. [0181] According to
takirigsinexenpidemiion teadicns nf thd eddyddirentenciial inllke grounding lead by a
operations and 5 effects of the tenth exenplary

nesgberthi g treded by ithentdadiova emant 3d the maasitevapahientcbeaween the
magnetic field emtted by the inductor elenent 34 can
iRRcRr edgirhedd fndohe Btcamding 1éal, tiressugihotarek ofitht eadicomdgtor device,
the performance of the inductor elenent 34 according
ah®tHeNe pr Bs@iexiepbnt eabodiaenhenicnivnplctedubiraied in which the
deterioration due to the grounding | ead. [0182] Next,

ctounvllk fiédd iadedsnl ths iferladayeal fofmdde the eseitdnductor substrate, the
invention is described. 10 Fig. 21 is a schematic top
mERWeaaf4 1a8nEkt cagh&dize arhE kalunfiditibans abt lidtieed thereto; and the
sem conduct or device according to this exenplary
ofsRaRo B may Be forfhed B onlyhBe StffiBsidrelbairécandivnik ahs, to apply a
are given to the sanme conponents of Fig. 1 to Fig.

o2find AR Gotenitel BithedifReDa Nyl BONhE befeas2iagd ¢ héablead 41 may be
[0183]In the sem conductor device according to this
cBXRIRUAS ¥ pBRRAGARNfudidn 1dvel M UsiirBE R6tal RafF ity maddbe Brnected

| ead group 44, in which | eads having alternately

16 SRRS SRR QURT haSiRPhY cRRMEMHol REhtiald Fak@e) ﬂiel"?ounding iead may
potentials, is formed in the uppernost |ayer |ead
1@y £ lanfhatt BOuSERIERRIUG AL cl 8N GRe REOYREVihH SutishaitalPihe same

el enent 34; and a | ead group 45, given alternating

Hiﬂyr%e{s (SRR 1cROU €Nl &drfhc@REradE RIMEHIO Gy BQ e Helh8r layer of the

Ss arly to the 1ead group 44, is formed in a | ayer

rlg&l\l%\édt ﬂeiélﬁgﬂﬁéd'fﬁsﬁic.' BNE eohRR My $RE aSER-EONHEEQE to the

evi ce and 20 di spoSed orthogonally to the | ead group

ﬁ%ﬁlééyéﬁmﬁggﬁéiﬁHﬂLUﬂﬁ in which | eads, alternately

given a power supply potential and a grounding

[Be}ENt | %cc%lﬁn'ﬁ{ostg%?%lgm%ﬁrfeﬁﬂ)dﬁﬁﬁﬂ% hdwid Mo the operations and

uppéer nost layer | ayer” and the l'ower layer | eads

e(ﬁfecgs IB tﬂé%@%ﬁxgitagﬁf’ ﬁgb&ﬁ&gﬁt dé,ﬁséﬂ OW., dekys :bP noise excited mn

recent sem con evi ces. IllTustrated in Fig.

R semtilShduE B s HBURS 0Athe D thARANAY AGnPRWE exSHRP Y another circuit

element (not illustrated) formed on the semiconductor substrate 30 can be reduced.
[0179] Next, an eleventh exemplary embodiment of the present invention is
described. Fig. 20 is a schematic top view of an extracted essential portion of the
semiconductor device according to this exemplary embodiment. In Fig. 20, the same
reference mumerals are given to the same components of Fig. 1 to Fig. 19, and a detailed
description thereof is omitted.

[0180] In the tenth exemplary embodiment described above, the grounding lead
having a grounding potential is formed to enclose the inductor element 34; while in this

exemplary embodiment, the grounding lead is different in the points of not completely
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25 potentials and groundi ng potentials are not forned
in a fixed region around the inductor elenent 34.
Ther eby, the performance deterioration of the
i nductor el enent due to an effdy current occurring in
the | ead groups 44 and 45 due to a magnetic field
created by the 58 inductor elenent 34 can be
prevented; also, the occurrence of unintended
coflarge duridcthe aplacior alvomwnbat ardkiavinea heighd? ir 2 poréaprand3goept for
and the | ead groups 44 and 45 havi ng power supply
thpsetpentts, dhesgranodigg dead diasn g sipettemstsinilar todknt béthe téntly pxamaplary
[0185]1t is favorable that the di stance between the
erhindiwaerar el ement 34 and the lead 5 groups 44 and 45
is increased as nuch as possible; but the distance
[ObRT We e nA tdoeding tutttsoexeaipdare einb8dinamd, it heditiemth the opgrstions and
44 and 45 is determned by the circuit designer
effedtsi ofghd tehib cxompiale embbdimenhdesefibatatwvefantadddy nagerd dine to a
field created by the inductor elenent 34, the
mp@ieds ificldeentiapa by tinnduhiet slemantt Hecainrvd pedventeé fremefiowByg in the
and the | ead groups 44 and 45, the surface area of
gioigdiseag.ondubd perfaieancecf thathduber klekent habcofdig to the present
exanpl e, in the case 10 where the uppernost |ayer
invealds cah bt hehibieadBom kictcheratiofl dat oF thelgermiding3dadand t he
| ead groups 44 and 45 are sufficiently separated by
[0BB2] Nt eNetay BFelith suémblaMecrhbdditneht dfithd pribedt Indyiion is described.
| eads, and in the case where the eddy current excited

T2t R dcRaHaidy 0P RSewHEf ANektrtbted URsdntial fretisrB@ftBE setniconductor
gield created by the inductor elenent 34 and the

dRAdARLSifh B RIRS ekahp MREReithe Hh FHICt Ghe enefRidrerdd
and the | ead groups 44 and 45 give only effects
n&HELRGrd Sver Tk kafP 8b@bbintst dTatic aF © ME. MNadONEtaiidedescription
degree, 1t is possible also to formthe | ead groups
Hafoandhaedn a formto cover the inductor elenment 34
y the determ nation of the circuit designer.

[d19386] AccRr difohfudid ®vRY A0RIAMY, 1619 ShMilry emibb@Rsknt, as

group having a power supply potential and a groundi ng

84 ]If"ﬂ?igi #),3qkad %’bﬂﬁ d41iB vehidih 2eadk KR ONeAQINEishHRd power

1 . 2L,
12 I nductor elenent 34; and thereby, the perfornmance

s%?f%dt&ﬁ%ﬁé 21 Rbuddife g&?ﬁﬁ%ﬂé’, hs R BRBM (e WBpdriho8Nafdd¥ad layer of

nt occurring In ead group due to a magnetic

tHe! sglln?coﬁ&%ﬁ&:%gmé eﬁﬁlg:d ARG UEkLlor Bl-818N84.CRR 208d oroup 43, given

prevent ed; o, t occurrence of an unintended

algé%gﬁgfgltﬂggvg‘f glr&gﬁ%b G€all Qﬁé"@x%ﬂnﬁiﬁg gb&gagg %hi%h?@?ﬂie lead group

aving a power pply potential or a

4?,8%@%%‘ A9, P %Sﬁgb%lgbttﬁgﬂ%é% io&h&fértlgﬂ' Qf%ﬁe scmicoqductor device and

ccor ai esent nvention, a sol enold

d%g%%eg%%g%&ah?qg eﬁ%&cf%r?ﬂﬁﬁ&. is formed on a

or- substra nd thereby, the chip
iber ante SR BRAGHERR PR RR8! Db Sypply potential and o
gpolilm erg p%{ential and disposed in a net shape in the uppermost layer lead layer and the
lower layer leads of the uppermost layer leads, is used widely in recent semiconducior
devices. As illustrated in Fig. 21, the lead groups 44 and 45 having power supply
potentials and grounding potentials are not formed in a fixed region around the inductor

element 34. Thereby, the performance deterioration of the inductor element due to an

eddy current occurring in the lead groups 44 and 45 due to a magnetic field created by the



59 sem conductor devi ces obtained froma
sem conduct or substrate can be increased; and
therefore, the manufacturing cost of the
sem conduct or device can be p&duced. Further, it is
possible also to reduce the size of various signal
processi ng devices included in the seni conduct or
device. 5 [0188]Also, it is possible to reduce the _.

infrantersiletent 34 vau ibe arevented; alsme therpgurence of ep@ipnded;pagasitic
therefore the high frequency characteristics of a .

capegiianontkiweer thdendustor ichmband B gnd the I¢addmewnsrddaing e dgving power
and an active elenment can be inproved. [0189]Furt her,

suphly rsypeatialsgnld erowrdmgt otcttinbivion de idfiibitaght and adj acent
el enents can be reduced; and fromthis point as

[One$]l , thés BRhoabkuhdtdbedistanee bawedrethe sfiuciod clemgnt Heanfighe lead
manufact uring cost of the sem conductor device can be

5 goephibledhd 401t 9frddsed gy muensgs possidi; buirthe distapee betiveery g mductor

in a sem conductor device having transistors and

elofdbiiti 38l andlthylead bemgs 44 Wild A5 ishdetgrenifedriyethe eircuit designer taking into
i mprovenent of the semni conductor el ement, hereafter,

cdukidemiion eheeoffiett @fdhd magndtioeicdpencaed by tHeripduntoroyferndrit B4, the
increase. Also, it may be considered that

paplid Cpatise batviieg thef inédupiendyméd 3dsnd gedeidgrdBps 44 and 45, the
Wi rel ess communications will expand further.

SUNGGO ik 10 tHeGseirhieondnaseddvide) uadthedike; ard, fos cpaaplebinghd case
reduce the surface area that the inductor occupies in

10 whée tedifbermbitGiyer Soale6RHs aadts ontie isdrie et 84 and the lead

device that needs to operate at high frequencies.

gfoupd £ERd 43 adeSuBReSIRsepdratel MRiaRiittet-lager inarsinedilof of multiple
uni ntended parasitic capacitance. Thereby, a

1858 MeARN SCEGhe BR¢IVART Baledf e Bhire Sxdiiedhn fRrital srammetd and 45
and high reliability can be 20 subnmitted. [0191] This

d@PRIthe AlabRRid felP22ad 0F (HaRANSSEIPRALRIM Adphd pakdidhcapacitance
No. 2006-209915 filed on August 1, 2006 and cl ai s

b tHelind 85l GhorAnd ahll enedliesE oS py £ stier@ite bly effects during
I ncorporated herein by reference inits entirety.

15 cilrfﬂgﬁiﬁeﬁ@n RRREL 688 dshb¥bRULALIR [sThRsiBIesRNb form the lead groups
Invention is useful as an inductor el ement used in

40bgh a8 BEYREREN cover the inductor element 34 by the determination of the circuit
designer.
[0186] According to this exemplary embodiment, a lead group having a power
supply potential and a grounding potential is not formed in a fixed region around the

20 inductor element 34; and thereby, the performance deterioration of the inductor element
due to an eddy current occurring in a lead group due to a magnetic field created by the
inductor element can be prevented; also, the occurrence of an unintended parasitic
capacitance between the inductor element and a lead group having a power supply
potential or a grounding poteniial can be inhibited.

25 [0187] According to the present invention, a solenoid coil shaped inductor element 1s

formed on a semiconductor substrate; and thereby, the chip surface area can be reduced

by increasing the inductance value per unit surface area, and the number of
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circuits and the |like and as a sem conductor el enent
i ncludi ng the inductor element. 6 0 CLAIMS 1.
An i nductor elenent formed in a multiple |ayer |ead
structure conprising a | ead, 58n insul ative | ayer that
i nsul ates | eads above and bel ow, and a via provided
in the insulative |ayer and connecting | eads above
and bel ow wherein |ead |ayers are nultiply 5
sdnzinpmiatod déagesodlaindbiromtaseinieaidiigior $rbstratp ean kepigeregsed; and
portion of at |east a pair of vertically adjacent
themdats, the enanofabding eastsf tichemioirdedior deides eande reduced.  Further,
connected in series, wherein current directions of _
itvepdssibil dlso tadpdretbe siee bEdulonadignalmeotehansdgvecayyncuded in the
via provided on an end portion thereof, and forma
sagicomticiondesdtance; and an inter-1ead capacitance of
the vertically adjacent coiled leads is larger than
[@1R8] Nt eAldocrds maEpbid toamdechid presitiotdperitabde oliht aufluctor element,
| eads forned in the sanme | ead | ayer; and
anh@eeid: tathible&squane chiratthastooiof e dethraddicoodpyics exhaling the
shape having two winds; a coiled | ead other than the
irgiatloedlehecthniavisfvé wemehngds bedmpriveds a shape having
one wi nd; and at |least two coiled | eads conprising
[G139] oneFudiing, Bbapaias bethveenid inductdielcdaumealdmijhceatydements can
61 2. An inductor elenent formed in a multiple
bk addated; @RS MM pohie 26 QrallL tieichip durfaeagkea ai bensthaidi and the
| ayer that insulates |eads above and bel ow, and a via
inQRcASEe thst b the RE1ERdWOr HeNes caand re@séct i ng | eads
above and bel ow wherein | ead | ayers are nultiply
[d)l@@g nat e hA%&H Suvealiah a4 BE bidlegdiif a sbialcon@ictdr@asice daving
portion of at |least a pair of vertically 5 adjacent
2B @6SrsBNE nfiipi8 tayleP A8, tWEhER: & tbrir@AcSiniE® ement of the

connected in series, wherein current directions of

s¥Blcbh&RdrLi1tindaRMafieOiit 88 HeRRPSctad fal i€ oB@HBoD¥eduency will
via provided on an end portion thereof, and forma

ingtdsdl  ARAUE hAD TR icoRfHeR AR hSSiichBaeh iﬁ%Pﬁ?ﬁHq@B&@ t¥nds used in

the vertically adjacent coiled |leads is larger than

v?lghrlér?g g@@i#uﬁﬁ:gtiglgﬁgﬁ% é@g’gﬁ‘? glgg%%w eRcQrNRY LRk bRdedt8dition, it is
possible to reduce the surface area that the inductor occupies in the chip, which is
necessary in a semiconductor device that needs to operate at high frequencies. Further,
it is possible to inhibit the increase of unintended parasitic capacitance. Thereby, a
semiconductor device that realizes high performance and high reliability can be
submitted.
[0191] - This application is based on Japanese Patent Application No. 2006-209915
filed on Angust 1, 2006 and claims priority thereto; and the disclosure thereof is
incorporated herein by reference in its enfirety.

Industrial Applicability

[0192] The present invention is useful as an inductor element used in high frequency

circuits and the like and as a semiconductor element including the inductor element.
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10wherein at |east one a the coiled | eads positioned
in the uppernost or |owernost |ayer conprises a shape
having two winds in the szﬁe | ead | ayer. 3. An
i nductor el ement forned i #% mul tiple |layer |ead
structure conprising a |lead, _an insulative |ayer that

~insul ates | eads above and b@L@NMSand a via provided

in the insulative |ayer and connectjng | eads above . .
and bél ovhmindrepnelrmart frayed i spaltipls lpyeslspd phucture comprising a
| ami nated | ayers, characterized in that: at |east a .
paddndnsuitiatlayes st insuletsdeasls abeverand beloy, gad aviaqrovided in the
| eads are coiled | eads; the coiled | eads are .
osnlatet kgei andsennasing Wads ebavecnd belew wharelateagiayesy are multiply
vertically adjacent coiled leads are the same by a
landingied ldyds oelaracamized th thok: v loastatpertéamfof ap legstfadiain of vertically
serial inductance; and an inter-lead capacitance of |
hdjeceneleaicat kyilatleadse tite cotded ddd radenriesictlan graies,tagsein current
an inter-lead capacitance between other 20 cioil ed

teadioné of vetically ddueesantded kads draylor samathyrasiia proyaded on an end
coiled | eads conprise a slit. 3 4. An inductor

po1E0R Meréod) addoim aaenallihdyskack;aandranligedlesd capetitamee of the
conprising a lead, an insulative layer that insulates

L eaeglyodmpacentaddiled) ddadwis laer thaw ba iperdvidiegpacimntdbetween other
insul ative | ayer and connecting | eads above and bel ow
vhRGaEAs featkd iaYles Sinerleadiabért phd/ 25 | ami nated | ayers,
characterized in that: at |least a portion of at |east

the coiled | eads are connected in series, "wherein

EIH88Hd Fhér@Rin ©BSoDEd &I haviag two aitjdecempriesialssbe having one
| eads are the same by a via provided on an end 6la -

a Pajkersih: ¥¢dst 6@ bfithadpinalpidslceagsisarashaps haing wadsinds; a

| RYLE bt 1Be% 8O coifadedRIcOhrisREted onenelidishmeeire forthedin the same

inter-lead capacitance of the vertically adjacent
gﬁ&kﬁ@nleads is larger than an inter-lead capacitance
etween other coiled | eads forned in the same | ead
| ayer; wherein at |east one of draw out |eads
connected to an end portion of the coiled lead 5 for
el ectrically connecting to an external elenent is
formed in a lead | ayer different than a | ead |ayer
wherei.n the coiled lead is formed; and wherein the

- draw out |ead conprises a slit. 5.An inductor el enent

formed in a nultiple |ayer lead structure conprising
a ,



| ead, an insulative |layer that insulates |eads above

and below, and a via provided in the 10 insulative

| ayer and connecting | eads_above and bel ow wherein

| ead | ayers are nultiply | & nat ed | ayers, '
characterized in that: at |least a portion of at |east

a pair of vertically adjacent |eads are coil ed | eads;

the coiled |l eads are connected i.n series, wherein

current directions of vertically adjacent coiled .

| eads 2ar dntipducserrpterngnt dored ip p ayiligpe layer lapd epusture comprising a
portion thereof, and form a serial inductance; and an - .
teatlean inewdefived pearithed iesaladds leads aboveviad bielos, pyd adjaguerided inthe
coiled leads is larger than an inter-I|ead capacitance

pstlagenlayethed coondatige lesdsl sbdvesramd delow whvaeis dend laeeagiare multiply

layer; - wherein dummy netal is nultiply formed in
tantipated layywsy chatreterizad tthihat of Ieed alperithy. cdatlepgamadt, of amdically
a density of -.the dumry 62 netal of a side proxinm

‘adjatdneleads dre doil@blidads; thel cviled lendsare qorderisd i1y sepfes,twlgerein current

dunmy netal of a side distal to the coiled | eads.

Birdutionm dfredricallgladimentt dodedrieddsd ave thersaing bplaevid progrdel@adn end
structure conprising a |ead, an insulative |ayer that
porsioh aicesof] dderm bewdalandichekcavapd an thter-leadicapacikinde df the

in the 5 insulative |ayer and connecting | eads above
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aarticdiBl ljncelaiodied ldadath lhgyethan an stertledd qabycilaacs xatvech other

| ayers, characterized in that: at |east a portion of
adilddeesk fandiin taf sanrritidlaldry adj acent | eads are

coiled leads; the coiled | eads are connected in

ser i Wisereinaelegit dne WF tiendoildd leads paitmned invle bpgatnoyt or lowermost
adj acent coiled | eads are the sane by a via provided
RRecraddnPiiePPEHabO Rating WO tvinddnl tHeQh e dead dyed)

i nductance; and an inter-|ead capacitance of the 10

vertigal hy igiicas emén@fdrbdd lieadfulte lagérdedd fRRfur@Bomprisinga

inter-lead capacitance between other coiled | eads -

feRd MRdndulativd Sayea Wit [:RABds 304@E above and WHIBWESI & WialPYovided in the

metal is multiply formed in a | ead |ayer positioned

inBulaivAMPEr a8 Q¥ EnRlin® Bla@Vatbvk 8Ad bélayarherhif 1@k Nayehare multiply
coiled |eads are forhmed, and a density of the dumy
IRRlePhyérs Shd@cRERXA [Bhatt & Tehe a?,@ﬁioﬁ%f berRas aipdirloPWBHically
than a density of the dummy netal of

“adj acent leads are coiled leads; the coiled leads are connected in series, wherein current |

directions of vertically adjacent coiled leads are the same by a via provided on an end

portion thereof, and form a serial inductance; and an inter-lead capacitance of the

A \}ertically adjacent coiled leads is larger than an inter-lead capacitance between other

coiled leads formed in the same lead' Iafer;-
- wherein the coiled leads comprise a slit.‘

4. An inductor element formed in a multiple layer lead structure comprising a
lead, an insulative layer that in_sulates leads above and below, and a via provided.in the
insulativé _15yer and connecting leads above and below wherein lead léyers are multiply
laminated layers, characterized in that: at leaét a portion of at least a pair of vertically
adjacent leads are coiled leads; the coiled leads are connected in series, wherein current

directions of vertically adjacent coiled leads are the same by a via provided on an end



TN

15 a side distal to the coiled leads. 7. A
sem conductor device conprising the inductor el ement
according to any one of cl gnp 1-6.

portion thereof, and form a serial inductance; and an inter-lead capacitance of the

- vertically adjacent coiled leads is larger than an inter-lead capacitance between other

10

15

coiled leads formed in the same lead layer;

Whefein at least one of draw out leads connected to an end portion of the cotled lead
for electrically connecting to an external element is formed in a lead layer differenf than a
lead ia‘yer wherein the coiled lead is forme&; and |

. wherein fhe draw out lead cqxﬁprises a‘slit.

5. | An inductor element formed in a multlple layer lead structure comprising a
lead, an msula‘ave layer that insulates leads above and below, and avia prowded inthe
msulatlve layer and oqnnectmg Icads above and below wherein lead layers are multiply
la:mina_ted layers, characterized in that: at least a portion of at leasta paif of vertically
adjacent leads are coﬂed leads; the coiled leads are connected in series; wherein current
dlrec‘uons of vertically adjacent coﬂed leads are the same by a via provided on an end
portion thereof, and form a serial inductance; a:nd an inter-lead capacitance of the

vértically adjacent éoiled leads is larger than an inter-lead capacitance between other

. coiled leads formed in the same lead layer;

wherein dummy metal is multiply formed in a lead layer wherem the coiled Ieads

are formed, and a density of the dummy
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62

metal of a side proximal to the coiled leads is lower than a densitf o_f the dummy metal of
a side distal to the coiled leads. | |

6.  An inductor element formed in a mulitiple layer lead structure comprising a
lead, an insulative layer that insulates leads above and below, and a via provided in the
insulati\}e layer and éonnectiﬁg leads above and below wherein léad lay;ars are multiply.

laminated layers, characterized in that: at least aiportion of at least a pair of vertically

“adjacent leads are coiled leads; the coiled leads are connected in series, wherein current

directions of vertically adjacent coiled leads are the same by a via provided on an end
portion thereof,- and form a serial inductance; and an i_nter—lead capacitance of the
vertically adjacent coiled leads is larger than an inter-lead capacitance between other

coiled leads formed in the same lead layer;

wherein dummy metal is multiply formed in a lead layer positioned in a layer above

* or below a lead layer wherein the coiled leads are‘fonﬁed, and a density of the dummy

15

metal of a side proximal to the coiled leads is lower than a density of the dummy metal of

a side distal to theﬁ coiled leads.

7. A semiconductor device comprising the inductor element according to any

one of claims 1-6. ~



